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FOREWORD  (U) 


(U)  In  1969  the  Maury  Center  for  Ocean  Sciences  issued  a publica- 

tion entitled  "Mediterranean  Sea  Environmental  Atlas  for  ITASS  (U)".  * 

It  was  stated  in  the  Foreword  tc  this  document  that  the  presentation  of 
the  environmental  and  acoustic  data  was  tailored  solely  to  support  a 
specific  equipment  system-  Furthermore,  the  Atlas  was  considered  as  an 
interim  document  anticipating  that  it  would  be  updated  in  :he  future. 

(U)  Since  1969,  many  new  acoustic  and  oceanographic  measurements 

have  been  made  in  the  Mediterranean  Sea.  The  Long  Range  Acoustic 
Propagation  Project  (LRAPP)  itself  participated  in  or  sponsored  three 
such  efforts  (IMP,  IOMEDEX,  and  TASSRAP/DECKPLATE) . These  measurements 
have  contributed  significantly  to  our  knowledge  and  understanding  of 
sound  transmission  and  ambient  noise  in  the  Mediterranean.  This  fact, 
coupled  with  the  continued  operational  interest  there,  makes  the 
issuance  of  an  up-date  to  the  Ati«  c worthwhile. 

(U)  In  order  to  serve  the  variety  of  different  needs  of  the 

operating  Fleet  as  well  as  those  of  the  scientific  and  planning  com- 
munity, while  at  the  same  time  providing  volumes  which  are  convenient 
to  use  and  easy  to  handle,  the  Atlas  up-date  will  be  issued  as  four 
separate  companion  reports,  namely:  "Mediterranean  ASW  Bibliography  - 

, Volume  I",  MC  Report  101  (Unclassified);  "Mediterranean  ASK  Bibliography 
Volume  II  (U)",  MC  Report  102  (Secret);  **Med iterranean  Environmental 
Acoustic  Data  Catalog  (U)",  MC  Report  103^ (Confidential) ; and 
"Mediterranean  Environmental  Acoustic  Sdzmiary  (U)",  MC  Report  1C4  , 

(Secret).  These  four  volumes  cover  the  many  different  aspects'of 
environmental  acoustics  and  include  information  reflecting  the  total 
oceanographic  discipline  as  it  supports  the  study  of  antisubmarine 
warfare.  The  information  they  contain  was  drawn  from  a broad  spectrum 
of  sources  that  originated  in  this  country  and  elsewhere. 


9.  A 


J.B.  Hersey 

Deputy  Assistant  Oceanographer 
for  Ocean  Science 


UNCLASSIFIED 


I 


UNCLASSIFIED 


PREFACE  AND  ACKNOWLEDGEMENTS  (U) 


(U)  The  inherent  complexities  involved  in  sound  propagation  in  the 

ocean  medium  have  made  it  necessary  to  use  modeling  as  the  basis  for 
developing  our  understanding  of  this  process  and  for  evaluating  the  per- 
formance of  underwater  acoustic  sensor  systems.  During  the  past  several 
years  *-e  have  made  continuing  progress  in  improving  the  accuracy  and 
efficiency  of  these  models.  Such  progress  necessitates  that,  from  ^ine 
to  time,  the  information  that  is  available  for  the  various  ocean  regions 
be  recompiled  in  order  to  insure  the  continued  adequacy  of  the  basic  input 
parameters  to  these  models  at  their  present  state  of  development.  The 
present  report  constitutes  such  a recompilation  for  the  Mediterranean  Sea. 
This  specific  area  was  chosen  in  order  to  support  the  Mediterranean  ASW 
Program,  conducted  by  LRAP?  in  1974. 

(U)  The  environmental  acoustic  data  summary  was  derived  from  aaterial 

supplied  by  a large  number  of  people.  The  environmental  and  sound  velocitv 
structure  data  and  references  were  compiled  by  the  Undersea  Surveillance 
Oceanographic  Center  of  the  U.S.  Naval  Oceanographic  Office.  The  overall 
coordinator  of  this  effort  was  CBR  W.B.  Matthews.  The  principal  investi- 
gator for  sound  velocity,  temperatura,  salinity  and  water  masses  was 
Mr.  Don  F.  Fenner,  with  assistance  from  Messrs.  Paul  J.  Bucca,  William  J. 
Cronin,  Jr.,  Terry  L.  Kelley  and  William  C.  Lippert-  Ocean  fronts  and 
internal  waves  was  compiled  by  Mr.  Alvin  Fisher,  sea  ana  swell  by 
Mr.  Richard  H.  Holcombe,  tides  and  currents  by  Mr.  Theodore  Frontenac, 
bathymetry  and  province  charts  by  Mr.  Reuben  J.  Busch,  physiography  by 
Mr.  Robert  N.  Eergantino,  geophysics  and  sediments  by  M: . Patrick  T.  Taylor 

(ii)  Volume  scattering  was  compiled  by  Mr.  Richard  H.  Love  and 

Mr.  Wayne  E.  Rensnav,  false  targets  and  bioluminescence  by  Mr.  William  T. 
Leapley,  bottom  reverberation  by  Mr.  Jonathan  M.  Berk son,  bottom  loss  by 
Mr.  Robert  E.  Christensen.  Ms.  Joanne  V.  Lackie  and  Mr.  Douglas  KolV  pre- 
pared the  illustrations  for  the  temperature,  salinity  and  sound  velocity 
sections. 


(U)  The  data  on  ambient  noise  were  compiled  and  summarized  by 

Dr.  William  M.  Carey,  MAR,  Inc.  The  data  on  propagation  loss  were  compiled 
by  Dr.  Carey  and  summarized  by  Dr.  August  p.  Wittenbom,  Tracer,  Inc.  Ship 
ping  distributions  were  supplied  by  Dr.  Lou  ?.  Solomon,  PSI  and  Mr.  Paul 
Wolff,  Ocean  Data  Systems,  Inc.  The  project  was  under  the  direction  of 
LCDR  T.J.  McCloskev,  Long  Range  Acoustic  Propagation  Project.  The  overall 
coordinator  for  tae  preparation  of  this  document  was  Mr.  Jimmy  T.  Gottvald, 
Tracor,  Inc.,  with  assistance  from  Dr.  August  F.  Wittenbarr.  and  Mr.  A.N. 
Glennon,  Tracor,  Inc. 


Manager,  Long  Range  Acoustic 
Propagation  Project 
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MEDITERRANEAN  ENVIRONMENTAL  ACOUSTIC  SUMMABX  (U) 


1-0(0)  INTRODUCTION'  (0) 

(O'  This  report  contains  a compilation  of  environmental  and 

acoustic  data  for  the  Mediterranean  Sea-  Environmental  topics  covered, 
both  in  text  and  graphically,  include  marine  climatology,  physical 
oceanography,  geology  and  geophysics,  biology,  and  shipping  distributions. 
The  acoustic  data  include  the  sound  velocity  structure,  propagation  loss 
data,  and  ambient  noise  data.  Variable  environmental  and  acoustic  data 
are  presented  on  a monthly  or  seasonal  basis. 

(U)  Many  of  the  more  coupon  basins,  seas,  and  local  bays  and  gulfs 

of  the  Mediterranean  Sea  referred  to  in  the  text  are  identified  in 
figure  1.0-1. 

(U)  For  ASW  purposes,  the  ultimate  result  of  a data  compilation 

such  as  is  contained  in  this  report  is  to  develop  subdivisions  within 
an  operating  area,  here  the  Mediterranean  Sea,  vhich  are  acoustically 
homogeneous  to  within  certain  bounds.  The  extent  to  vhich  this  can 
be  achieved  determines  the  number  of  different  subdivisions  vhich  must 
be  considered  for  sonar  performance  prediction  and  evaluation.  Figure 
1.0-2  shows  the  prediction  areas  in  the  Mediterranean  as  presently  used 
by  Fleet  Numerical  Veather  Central  (FNVC)  for  producing  operational  pre- 
dictions. This  chart  is  based  on  NAVOCEANO  Chart  NA8  p 2401.  In  prin- 
ciple, each  area  is  intended  to  have,  within  prescribed  limits,  a uniform 
depth,  uniform  bottom  reflection  properties  and  uniform  water  column 
properties.  The  extent  to  which  this  has  been  achieved  to  date  will  be 
discussed  further  below. 

(U)  It  should  be  noted  that,  in  a volume  of  this  nature,  the  data 

mist  be  summarized  over  relatively  large  areas  and  over  relatively  long 
periods  of  time.  Thus,  the  user  cannot  expect  that  environmental  observa- 
tions at  a specific  time  and  location  will  necessarily  be  exactly  as  shown 
herein  for  that  location  during  the  corresponding  month.  He  should  expect 
however,  that  continuing  observations  over  a period  of  a month  would  pro- 
duce data  similar  to  the  data  presanted  here  for  the  corresponding  month. 
Thus,  although  this  volume  is  expected  to  be  a useful  aid  in  understanding 
the  general  performance  of  Fleet  sonars  in  the  Mediterranean,  it  must  be 
recognized  that  any  performance  estimate  based  on  this  data  must  ba 
tempered  by  consideration  of  the  differences  between  the  mean  or  repre- 
sentative data  given  here  and  the  actual  conditions  that  prevail  in  the 
operational  environment. 
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Figure  1.0-1.  Local  Seas  and  Basins  of  the  Mediterranean 
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2.0(U)  MEDITERRANEAN  SEA  ENVIRONMENT  (U) 


(U)  This  section  describes  the  environmental  factors  that  establish 

and  influence  the  propagation  of  sound  in  the  Mediterranean  Sea.  These 
factors  are  discussed  in  the  following  sequence: 

• Marine  Climatology  (2.1) 


• Physical  Oceanography  (2.2) 

• Geology/Gecphysics  (2.3) 

• 3ioIogy  (2.4) 

• Shipping  Distribution  (2.5) 

(U)  The  discussion  in  this  section  is  oriented  toward  the 

occurrence  and  distribution  of  the  factors.  Their  influence  upon 
underwater  sound  is  reflected  in  section  3.0. 

2.1(U)  Marine  Climatology  (U) 

(o)  The  data  cn  saline  climate  and  waves  are  derived  from  synoptic 

meteorological  observations  made  from  ships.  Including,  in  particular, 
voluntary  observations  from  merchantmen  along  primary  shipping  lanes. 
These  observations  are  accumulated  and  combined  into  climatological 
data  files  at  national  repositories. 

(U)  The  following  discussion  of  the  Mediterranean  climate  is 

based  on  the  seasonal  specification  of  the  World  Meteorological 
Organization,  i.e.,  four-month  winter  and  summer  seasons  (December 
through  March  and  June  through  September) , separated  by  tvo-conth 
spring  and  autumn  transitional  seasons.  For  many  of  the  parameters, 
however,  graphic  presentations  of  the  data  will  be  by  the  month. 

2.1.1(D)  Pressure  (U).  Throughout  the  year,  the  warm  Azores  high  is 
the  dominant  climatic  control  in  the  Mediterranean.  In  winter,  the 
cold  Siberian  high  and,  in  summer,  the  thermal  (monsoon)  lows  of 
northern  Africa  and  southwestern  Asia  provide  secondary  controls  of 
the  Mediterranean  climate. 


(U)  In  winter,  a trough  of  low  pressure,  oriented  along  the 

axis  of  the  sea  but  favoring  the  northern  coastal  regions,  generally 
separates  the  two  highs  and  constitutes  a secondary  track  for  North 
Atlantic  migratory  storms.  As  exemplified  by  the  region  of  the  Ligurian 
Sea,  most  lows  develop  in  the  Mediterranean  as  secondaries  on  trailing 
cold  fronts.  However,  other  lows  enter  the  Mediterranean  either  across 
southwestern  France  from  the  Bay  of  Eiscay  or  through  the  Strait  of 
Gibraltar. 
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(U)  By  summer,  the  intensified  Azores  high  has  moved  northeast- 

ward, the  Siberian  high  has  disappeared,  and  shallow  monsoon  lows  have 
formed  over  the  Sahara  and  Arabian  deserts.  The  Azores  high  now  extends 
to  the  longitude  of  the  Grecian  peninsula  and  isobars  are  oriented 
generally  north-south.  As  a consequence,  the  resulting  pressure  gradients 
cause  a stable  flow  of  air  from  the  northwest  in  the  Aegean  and  eastern 
Mediterranean  Seas. 


(U)  The  transitional  seasons  portend  the  seasons  to  follow,  with 

autumn  (October  and  November)  and  spiing  ('  pril  and  May)  resembling 
winter  and  summer,  respectively. 

2.1.2 (U)  Winds  (U).  Figures  2. 1.2-1  through  2. 1.2-6  present  wind  data 
showing  the  month1/  percentage  frequencies  of  wind  speeds  less  than 
Beaufort  Force  3 {<10  knots)  and  greater  than  Beaufort  Force  8 (>34  knots) 
and  three  wind  i-ises  showing  the  percentage  distribution  of  wind  direction 
for  the  three  relatively  open  water  areas  in  the  Algerian,  Ionian  and 
Tyrrhenian  Basins.  The  vectors  in  the  wind  roses  show  the  direction  from 
which  the  winds  blow. 


(U)  In  winter,  the  convergent  and  variable  winds  associated  with 

the  relatively  frequent  lows  are  the  strongest  of  the  year.  In  February, 
a representative  winter  month,  winds  of  gale  force  (equal  to  or  greater 
than  Beaufort  Force  8),  occur  with  frequencies  exceeding  five  percent 
between  France  and  Sardinia,  between  Sicily  and  Tunisia,  and  around 
Greece  to  Crete  and  Turkey.  In  the  inner  Gulf  of  Lion,  gales  occur  30 
percent  or  more  of  the  time. 

(U)  In  summer,  winds  are  in  general  lightest  but  most  constant, 

under  the  influence  of  the  stable  pressure  gradients  between  the  Azores 
high  and  desert  lows.  Storm  activity,  hence  gale  occurrence,  is  at  a 
yearly  low  during  summer. 

2.1. 3 (U)  Air  Tenperature  (U).  The  climate  of  the  Mediterranean  is 
characterized  by  relatively  mild  winters  and  hot  summers. 

(U)  Isolines  of  mean  surface  air  temperatures  are  shown  by  the 

month  in  figures  2. 1.3-1  and  2. 1.3-2.  January  and  February  are  generally 
the  coolest  months.  Mean  air  temperatures  in  February  range  from  about 
48°F  (8.9°C)  in  the  north  Aegean  and  Adriatic  Seas  to  about  60°F  (15.6°C) 
off  the  coasts  of  Libya  and  Egypt.  A high  wind  chill  may  sometimes  be 
experienced  in  the  northern  gulfs  and  seas  that  are  subject  to  the  winter 
mistral  and  bora.  Diurnal  tenperature  variations  are  likewise  greater 
In  these  regions  during  the  winter  months. 

(C)  July  and  August  are  usually  the  hottest  months.  Mean  tempera- 

tures in  August  range  from  72°F  (22.2°C)  in  the  Gulf  of  Lion  to  82°F 
(27.8°C)  east  of  Cyprus.  Tenperature  contrasts  are  minimal,  especially 
in  the  Adriatic  and  Aegean  Seas.  High  temperatures  are  possible  along 
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Figure  2. 1.2-5.  Wind  Speed  and  Directionality 
for  the  Months  of  Sentenber  and  October 
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the  berth  "-frican  coast,  when  the  hot,  desert  wind  (sirocco)  is  blowing 

offshore.  Under  such  conditions,  a max-iV-im  temperature  of  118°F 

(47.8 °C)  has  been  recorded  at  Tunisian  coastal  points  in  July  and  August. 

2*1*4(10  Cloudiness  and  Precipitation  (U) . The  maximum  frequency  of 
cloudiness  ana  precipitation  occurs  during  winter,  in  association  with 
the  numerous  low  pressure  systems.  In  January,  the  average  total  cloud 
amounts  exceed  five-tenths  over  the  greater  part  cf  the  Mediterranean 
Sea,  and  drizzle  ard  light  rain  occur  from  five  to  15  percent  of  the 
time.  In  summer,  cloud  cover  averages  less  than  three— tenths,  and 
rainfall  is  rare.  Figures  2.1.4— 1 and  2.1.4— 2 show  regions  of  average 
cloud  cover  <0.2  by  the  month.  Figures  2.1./ -3  and  2. 1.4-4  show  regions 
of  average  cloud  cover  >0.8  by  the  month.  Figure  2. 1.4-5  shews  the 
percentage  of  climatological  observations  by  the  month  which  include 
precipitat ion . 

2-1-5 (U)  Visibility  (U).  Atmospheric  visibility  generally  exceeds 
five  nautical  miles  throughout  the  Mediterranean  but  may  occasionally  be 
restricted  by  fog,  haze,  dust,  or  rain.  Warm  temperatures  usually 
inhibit  the  occurrence  of  advection  fog,  so  that  visibilities  are  infre- 
quently less  than  one— half  nautical  mile,  except  in  the  extreme  north, 
during  winter.  Figures  2.1.5— 1 and  2.1. 2 snow  percentage  of  occurrence 
of  visibility  less  than  five  nautical  miles. 

(tf)  Precipitation  is  the  principal  cause  of  reduced  visibility 

in  the  north  Aegean  and  Adriatic  Seas  during  winter  and  early  spring; 
however,  sea  fog  may  form  over  these  cooler  waters  when  warm,  moist 
southerly  air  moves  in.  Thus,  in  the  extreme  north  g!  the  two  seas, 
there  is  a five  percent  probability  that  visibility  will  be  le<s  than 
one-half  nautical  mile  in  December  and  March. 

(U)  Restricted  visibility,  due  mainly  to  haze  and  fog,  is  least 

frequent  in  summer.  During  July  and  August,  the  likelihood  that 
visibility  will  be  less  than  five  nautical  miles  exceeds  five  percent 
only  in  the  northwestern  gulfs  and  in  the  southwest  part  of  the  area 
(Strait  of  Gibraltar  and  Alboran  Sea).  In  the  same  regions,  visibility 
is  less  than  one-naif  nautical  mile  about  one  percent  of  the  time. 

Dust,  haze,  and  even  sand  are  the  principal  restrictions  to  visibilitv 
along  the  coasts  of  Morocco  and  Algeria. 

2.1.6(D)  Waves  (D).  Waves  usually  consist  of  sea  and  swell  intermixed, 
where  sea  denotes  those  wa.es  being  raised  or  sustained  by  the  existing 
wind,  and  swell  refers  to  waves  that  ' ave  moved  away  from  the  generating 
area  and  are  therefore  decaying.  Seas,  also  known  as  wind  waves  or 
wind  seas,  are  short,  sharp,  and  irregular  waves;  swells  are  long, 
sneother,  and  regular- 
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2.1.6.1(G)  Sea  (U).  Since  seas  broadly  reflect  the  direction  and 
strength  of  the  generating  wind,  they  form  the  basis  for  methods,  such 
as  the  Beaufort  Wind  Scale,  for  estimating  wind  speeds.  The  converse 
estimation  of  wave  characteristics  from  wind  conditions  has  long  interested 
wave  theoreticians  and  forecasters.  These  specialists  have  developed 
various  graphs,  tables,  and  formulas  to  represent  the  relationships. 

Table  2.1. 6-1,  based  on  a combination  of  several  theoretical  and  empirical 
principles  of  wind  wave  generation,  is  a recent  example.  It  should  be 
noted,  however,  that  the  tabulated  values  are  to  be  used  with  caution, 
since  fully  developed  seas  are  believed  to  be  relatively  infrequent, 
particularly  at  the  higher  wind  speeds. 

(U)  Figures  2.1. 6-1  through  2. 1.6-6  show  isolines  of  the  cumula- 

tive percentage  frequency  of  occurrence  of  sea  heights  equal  to  and 
higher  than  five,  eight,  and  12  feat  on  a monthly  basis. 

(U)  Seas  are  roughest  in  winter,  the  season  of  strongest  winds 

associated  with  maximum  cyclonic  activity.  In  February,  seas  five 
feet  and  higher  occur  about  40  percent  of  the  time  through  the  spine 
of  the  Mediterranean.  Such  seas  extend  from  the  Gulf  ec  Lion  {with  a 
maximum  frequency  of  50  percent),  through  the  Strait  of  sicilv  and 
north  of  the  Gulf  of  Sirte  to  the  Dodecanese  Islands  -sr-d  the  coast  of 
Turkey.  High  seas  (equal  to  and  higher  than  12  feet)  occur  more  than 
ten  percent  of  the  time  through  the  same  waters. 

(U)  Sea  heights  are  lowesc  in  summer,  when  wind  forces  and  storm 

activity  reach  a minimum.  The  average  frequency  of  rough  and  higher 
seas  (equal  to  and  higher  than  five  feet)  is  shout  ten  percent,  except 
in  Aegean  waters  where,  because  of  strong  etesian  winds,  they  average 
20  percent.  The  frequency  of  high  seas  (equal  to  or  iiigher  than  12 
feet)  exceeds  five  percent  only  in  the  Gulf  of  Li  or. 

2. 1. 6. 2 (U)  Swell  (U).  The  distribution  of  swell  is  similar  to  that 
of  seas.  In  winter,  the  greatest  frequencies  c*  moderate  swell  (six 
to  12  feet)  and  high  swell  (over  12  feet)  are  found  in  the  large  and 
deep  basins  of  the  Mediterranean  that  are  open  to  long  wind  fetches; 
such  heights  are  rare  in  sumerr . Isolines  of  the  cumulative  frequency 
of  occurrence  of  swell  heighis  equal  to  or  greater  than  12  feet  are 
shown  :r  figures  2.1. 6-7  and  2. 1.5-3  by  the  month. 


*Fullv  developed  seas  are  t’ncsv  vhich  have  achieved  th©  maximum 
height  to  which  waves  can  be  generated  by  a given  wind  roccs  blowing 
over  sufficient  fetch.  The  fetch  I*  the  distance  ever  the  sea  surface 
across  which  the  wind  blows  in  essentia] ly  the  sa>e  direction. 
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igure  2. 1.6-1.  Cumulative  Percentage  Frequency  of  Occurrence 
of  Sea  Heights  Exceeding  5,  8 and  12  feet  for  the 
>'jonths  of  January  and  February 
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2. 1.6-2.  Cumulative  Percentage  Frequency  of  Occurrence 
of  Sea  Heights  Preceding  5,  8 and  12  feet  for  the 
Months  of  March  and  April 
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Figure  2. 1.6-5.  Cumulative  Percentage  Frequency  of  Occurrence 
of  Sea  Heights  Exceeding  5,  8 and  11  feet  for  the 
>5onths  of  September  and  October 
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Figure  2. 1.6-7.  Cunulative  Percentage  Frequency  of  Occurrence 
Svell  Exceeding  12  feet  for  the  Months 
January  through  June 
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2. 1.6. 3 (U)  Extreme  Wave  Heights  (U).  The  highest  seas  to  be  en- 
countered in  the  Mediterranean  occur  off  the  coasts  of  Spain  and 
France  during  winter.  In  this  region,  seas  occasionally  exceed  20 
feet  and  may  even  attain  40  feet.  These  severe  seas  are  caused  by  the 
strong  winds  (mistral,  tramontana)  gererated  by  deep  extratropical 
cyclones  located  in  north  Italian  waters. 

2.1.6.4(U)  Storm  Surges  (0).  Curing  extended  periods  of  strong  winds, 
storm  surges,  particularly  severe  when  associated  with  high  tides,  may 
occur  along  shallow  coastal  regions  that  are  open  to  long  fetches.  A 
rare  combination  of  events  of  this  kind  occurred  in  November  1966  when 
a surge  of  six  and  one-half  feet  was  measured  in  Venice  during  a pro- 
longed southeast  gale. 

2.1.6.5(U)  Tides  (U).  Tides  in  the  Mediterranean  are  slight  but  are  of 
some  significance  in  straits  and  bays  during  periods  of  greatest  tidal 
variation.  Tidal  ranges  exceed  two  feet  only  in  the  Strait  of  Gibraltar 
(6  feet)  and  the  Gulf  of  Gabes  (5  feet). 
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2.2(U)  Physical  Oceanography  (U) 

2. 2. 1 (U)  Temperature,  Salinity,  and  Water  Masses  (U).  The  Mediterranean 
Sea  can  be  typified  by  a three-layer  water  column,  each  layer  of  which 
contains  a distinct  water  mass.  The  near-surface  layer  contains  low- 
salinity  Atlantic  water  that  enters  the  Mediterranean  through  the  Strait 
of  Gibraltar  and  is  circulated  throughout  the  Mediterranean  by  the  pre- 
vailing surface  currents  (Laccmbe  and  Tchernia,  1972).  This  water  mass 
can  be  found  as  far  east  as  the  coast  of  Israel  and  the  Aegean  Sea 
(Oren,  1971).  The  near-surface  layer  is  extremely  variable  in  terms  of 
both  temperature  and  salinity,  aid  is  subject  to  marked  seasonal  changes 
caused  by  surface  insolation  and  evaporation  during  summer,  and  by  sur- 
face cooling  and  convective  mixing  during  winter. 


i\ 
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(U)  At  depths  between  asout  209  and  1000  meters,  most  of  the 

Mediterranean  Sea  is  occupied  by  warm,  high-salinity  Levantine 
Intermediate  Water  (LIW).  This  water  mass  is  formed  in  the  eastern 
Mediterranean  by  vertical  thermohaline  convection  of  high-salinity 
surface  waters.  According  to  Wust  (1961),  the  regions  east  and  west 
of  Rhodes  are  primary  sources  of  LIW  during  winter.  Lesser  amounts  cf 
LIW  also  are  formed  in  the  Levantine  Basin  during  summer.  During  both 
seasc  is,  a core  of  this  high-salinitv  water  mass  flows  west  through  the 
Ionia  Sea  (at  about  33°  to  35°S)  and  then  through  the  Strait  of  Sicily 
into  the  western  Mediterranean.  LIW  is  found  throughout  the  Tyrrhenian 
Sea  and  Algerian  Basin,  and  flows  as  a well-defined  boundary  current 
along  tne  Algerian  continental  slope  before  exiting  from  the  Mediterranean 
Sea  through  the  Strait  of  Gibraltai  This  LIW  current  is  generally  both 
stronger  and  less  variable  during  v:  ter.  In  the  Strait  of  Gibraltar, 

outflowring  LIW  forms  a distinct  .ndercurrent  below  a depth  of  275  meters 
that  reaches  velocities  as  high  as  100  cm/sec  (Wust,  1961).  A considerable 
degree  of  temporal  and  spatial  variability  in  temperature  and  salinity 
occurs  in  r.he  intermediate  layer  throughout  the  Mediterranean  Sea,  but  not 
nearly  as  auch  as  occurs  ic  the  near-surface  layer. 


(U)  Below  depths  of  800  to  1000  meters,  several  basins  of  the 

Mediterranean  Sea  are  occupied  by  distinct  bottom  water  masses  that 
display  very  little  temporal  and  spatial  variability  within  a given 
basin.  Generally,  separate  bottom  water  masses  are  recognized  in  the 
western  Mediterranean  Sea  (Alboran  Basin,  Algerian  Basin,  and  Tyrrhenian 
Basin),  Adriatic  Sea,  eastern  Me.1< terrai.ean  Sea  (Ionian  Basin  and 
Levantine  Basin),  and  Sea  cf  C^ete.  Vne  temperatures  and  salinities  of 
these  four  water  masses  increase  to  the  east,  being  lowest  in  the 
western  Mediterranean  and  highest  in  the  Sea  of  Crete.  Western 
Mediterranean  bottom  water  is  formed  at  the  northern  end  of  the  Algerian 
Basin  (Ligurian  Sea)  by  deep  convective  mixing  during  winter  (MEDOC 
Group,  1970).  Adriatic  Sea  Bottom  Water  is  formed  in  a similar  fashion 


UNCLASSIFiED 


ijJ 


UNCLASSIFIED 


i 

'll 


in  the  northern  Adriatic  Sea  and  flows  out  of  the  Straits  of  Otranto 
into  the  Ionian  Basin  where  it  nixes  with  resident  higher  salinity 
water  to  form  Eastern  Mediterranean  Bottom  Water  (Pollack,  1951). 

Some  Eastern  Mediterranean  Bottom  Water  also  is  forced  by  a flow  of 
deep  waters  from  the  north  across  the  sills  on  either  side  of  Crete 
(Miller,  1972a).  Sea  of  Crete  Bottom  Water  is  formed  in  situ  by  con- 
vective mixing  during  winter.  However,  its  extremely  high  temperature 
and  salinity  probably  are  largely  a function  of  isolation  from  the 
remainder  of  the  eastern  Mediterranean.  Although  bottom  currents  have 
not  been  observed  in  most  of  the  Mediterranean,  there  is  no  evidence 
of  stagnancy  in  any  of  the  major  Mediteiranean  basins,  including  the 
Sea  of  Crete  (Miller,  1972a). 

(U)  Figure  2. 2. 1-1  shows  the  T-S  indices  or  major  Mediterranean 

water  masses  for  suaaer  and  winter.  This  figure  is  a generalized 
composite  of  12  typical  T-S  diagrams;  their  locations  are  shown  in 
figure  2. 2. 1-2.  Ko  attempt  has  been  made  to  characterize  Atlantic 
Water  in  figure  2.2.1-i  due  to  its  extreme  variability  during  both 
seasons.  However,  the  figure  does  show  the  marked  difference  between 
near-surface  conditions  in  the  western  and  eastern  Mediterranean  during 
both  seasons.  Generally  speaking,  the  concentrations  of  unmixed  LIW 
(after  Vust,  1561)  are  greater  than  55Z  in  the  eastern  Mediterranean 
and  less  than  452  in  the  western  Mediterranean.  This  is  a result  of 
intensive  mixing  of  the  LIW  core  during  its  passage  across  the  Strait 
of  Sicily.  As  demonstrated  by  West,  LIW  concentrations  are  slightly 
higher  during  winter  than  during  summer.  Figure  2. 2. 1-1  also 
illustrates  the  temperature  and  salinity  differences  between  the  four 
major  bottom  water  masses  found  in  the  Mediterranean  Sea. 

(U)  The  Alboran  Sea  (figure  2. 2. 1-3)  displays  the  minimum  winter 

and  sumaer  sea  surface  temperatures  and  salinities  encountered  on  any 
of  the  Mediterranean  T-S/ sound  velocity  diagrams.  This  is  due  to  the 
large  concentration  of  Atlantic  Water  in  this  region.  Because  of  its 
near-surface  location,  Atlantic  Water  is  not  denoted  on  the  sound 
velocity  profiles  in  figure  2. 2. 1-3  or  any  subsequent  figure  in  this 
series.  It  is,  however,  indicated  on  the  T-S  diagrams  in  figures 
2. 2. 1-3  through  2.2.1-14.  The  concentrations  of  unmixed  LIW  in  the 
Alboran  Sea  are  the  minima  encountered  in  the  Mediterranean  (between 
102  and  152). 

(D)  The  southern  Algerian  Basin  (figure  2. 2.1-4)  shows  distinctly 

higher  temperatures  and  salinities  during  both  seasons  than  those 
found  in  either  the  Alboran  Sea  (figure  2. 2. 1-3)  or  the  northern 
Algerian  Fas in  (figure  2. 2.1-5).  The  former  difference  Is  due  to 
diminished  effects  of  the  Atlantic  Water  flow  and  more  intense  summer 
insolation,  the  latter  t<.  a latitudinal  effect.  Similarly,  the 
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concentration  of  LIW  is  greater  in  the  southern  Algerian  Basin  (25-30%) 
than  in  either  the  Aiboran  Sea  (10-15%)  or  the  northern  Algerian  Basin 
(15-20%)  due  to  the  preferential  flow  of  LIW  along  the  Algerian  con- 
tinental slope. 


(0)  During  both  simmer  and  winter,  sea  surface  temperatures  and 

salinities  in  the  Tyrrhenian  Sea  (figure  2. 2. 1-6)  are  similar  to  those 
found  in  the  northern  Algerian  Basin  (figure  2. 2. 1-5).  However,  con- 
centrations of  unmixed  LIW  are  higher  in  the  Tyrrhenian  Sea  than  any- 
where else  in  the  western  Mediterranean  (about  45%  unmixed  LIW).  This 
indicates  that  a substantial  part  of  the  LIW  flow  leaving  the  Strait  of 
Sicily  is  deflected  north  into  the  Tyrrhenian  Sea.  According  to  Miller 
(1972b),  LIW  flows  out  of  the  Tyrrhenian  Sea  south  of  the  island  of 
Sardina. 


(0)  The  summer  and  winter  T-S/soimd  velocity  diagrams  for  the 

Strait  of  Sicily  (figure  2.2.1— 7)  lie  northwest  of  the  average  position 
of  the  Malta  Front,  and  therefore  more  closely  resemble  western 
Mediterranean  conditions.  This  front  separates  the  cooler,  less  saline 
near-surface  waters  of  the  western  Mediterranean  from  the  warmer,  more 
saline  waters  of  the  eastern  Mediterranean  and  has  been  extensively 
described  in  the  region  south  of  Sicily  by  Johancessen.  et  al.  (1971) 
and  Briscoe,  et  al.  (1972).  During  both  seasons,  approximately  55% 
unmixed  LIW  is  found  in  the  Strait  of  Sicilv. 


(D)  In  the  Adriatic  Basin  (figure  2. 2. 1-8),  the  presence  of  both 

Atlantic  Water  and  LIW  (immixed  concentrations  of  45-50%)  is  apparent 
during  both  seasons.  At  the  bottom  of  the  Adriatic  Basin  (about  1200 
meters  depth),  the  temperatures  and  salinities  dinring  sinner  and  winter 
are  considerably  less  than  those  found  south  of  the  Strait  of  Otranto 
in  the  northern  Ionian  Sea  (figure  2. 2. 1-9).  This  is  in  agreement  with 
a flow  of  bottom  water  out  of  the  Adriatic  Sea  into  the  Ionian  Sea. 

Both  Atlantic  Water  and  LIW  are  clearly  evident  in  the  northern  Ionian 
Sea,  as  are  the  evaporative  effects  of  summer  insolation.  Unmixed  LIW 
concentrations  shown  in  the  northern  Ionian  Sea  (about  65%)  are  greater 
than  those  found  in  either  the  Adriatic  Sea  (figure  2.2.1— 8)  or  in  the 
southern  Ionian  Sea  (figure  2.2.1—10).  However,  even  greater  unnixed 
LIW  concentrations  (70-75%)  would  be  expected  in  the  central  Ionian 
Sea  (33°  to  35°N)  along  the  preferential  flowpath  of  this  nigh-salinity 
water  mass.  Intensive  summer  evaporation  is  obvious  in  the  upper  30 
meters  in  the  southern  Ionian  Sea.  However,  during  both  winter  and 
simmer  the  sea  surface  sal ini  ties  shown  in  figure  2.2.1-10  are  the 
lowest  encountered  in  the  eastern  Mediterranean.  This  is  due  to  a strong 
flow  of  Atlantic  Water  in  the  Gulf  of  Sidra  and  just  off  the  Libyan  con- 
tinental shelf  (Lacomba  and  Tchernia,  1972). 
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(U)  In  the  Aegean  Sea  (figure  2.2.1-11),  near-surface  temperatures 

and  salinities  during  winter  are  typical  of  those  found  throughout  the 
eastern  Mediterranean.  However,  during  summer,  near-surface  salinities 
are  frequently  less  than  38.0 °/oo  due  to  low-salinity  water  that  enters 
the  Aegean  Sea  through  the  Dardanelles  from  the  Black  Sea.  Nevertheless, 
Atlantic  Water  is  found  in  the  Aegean  Sea  during  both  seasons.  The 
existence  of  LIW  in  the  Aegean  Sea  is  uncertain.  However,  Wust  (1961), 
does  show  LIW  in  the  eastern  Aegean  Sea  during  both  seascns  at  a depth 
of  about  100  meters.  Farther  south  in  the  Sea  of  Crete  (figure  2.2.1-12), 
LIW  is  definitely  present  during  winter  and  summer  in  unmixed  concentra- 
tions of  greater  than  85%.  Near-surface  temperatures  and  salinities  in 
the  Sea  of  Crete  are  higher  than  those  in  either  the  Aegean  Sea  (figure 
2.2.1-11)  or  in  the  western  Levantine  Basin  (figure  2.2.1-13)  during 
both  seasons.  As  previously  noted.  Sea  of  Crete  Bottom  Water  has 
extremely  high  temperatures  and  salinities.  The  temperature  and  salinity 
minima  found  at  a depth  of  about  800--1000  meters  in  figure  £.2.1-12 
roughly  correspond  with  sill  depths  between  the  Sea  of  Crete  and  the 
Levantine  Basin.  This  substantiates  geographic  isolation  as  one  factor 
in  the  formation  of  anomalous  Sea  of  Crete  Bottom  Water. 

(D)  In  the  western  Levantine  Basin  (figure  2.2.1-13),  sea  surface 

temperatures  and  salinities  are  typical  for  the  eastern  Mediterranean, 
and  LIW  is  present  in  unmixed  concentrations  of  80-85%  during  both 
seasons.  In  the  eastern  Levantine  Basin  (figure  2.2.1-14),  sea  surface 
temperatures  and  salinities  for  both  seasons  are  the  maxima  encountered 
anywhere  in  the  Mediterranean.  However,  the  Atlantic  Water  salinity 
minimum  is  still  a pronounced  feature.  During  simmer,  the  LIW  salinity 
maximum  has  umnixed  concentrations  of  nearly  100%.  During  winter,  the 
near-surface  salinity  is  greater  than  that  at  the  LIW  core.  This  indi- 
cates that  this  high-salinity  water  mass  is  formed  in  the  eastern 
Levantine  Basin  curing  winter. 

(0)  In  summary;  two  predominant  water  masses  are  circulated 

throughout  the  Mediterranean  Sea  at  near-surface  and  intermediate 
depths.  The  near-surface  water  mass  (Atlantic  Water)  enters  the 
Mediterranean  through  the  Strait  of  Gibraltar,  generally  flows  fron 
west  to  east,  and  becomes  warmer  ard  more  saline  during  its  residence 
in  the  Mediterranean.  Conversely,  the  intermediate  water  mass  (LIW) 
flows  generally  to  the  west  after  its  formation  by  convective  mixing 
in  the  Levantine  Basin,  and  becomes  cooler  and  less  saline  before  leaving 
tha  Mediterranean  through  the  Strait  of  Gibraltar.  However,  below  about 
100  meters  depth,  both  temperature  and  salinity  are  extremely  constant 
and  vary  only  between  major  physiographic  basins.  The  effects  of  this 
three-level  ocean  on  sound  velocity  structures  are  discussed  in  section 
3.1.1. 
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2.2.2(U)  Surface  Currents  (U).  Surface  currents  throughout  the 
Mediterranean  are  determined  principally  by  the  prevailing  winds  and 
surface  evaporation.  Their  e?an  direction  and  speed  are  shown  in 
figures  2. 2. 2-1  and  2. 2. 2-2  jy  the  month. 

(U)  Throughout  the  year  surface  water  from  the  Atlantic  Ocean 

moves  through  the  Strait  of  Gibraltar  into  the  western  Mediterranean 
and  is  driven  generally  in  a counter-clockwise  direction  by  the  pre- 
vailing northwesterly  winds.  Southerly  winds  that  occur  for  varying 
periods  in  winter  interrupt  this  counter-clockwise  flow.  When  the  wind 
from  any  one  quarter  has  been  strong  and  continuous,  drift  currents  are 
set  up.  During  gales,  current  speeds  of  4 to  5 knots  may  occur.  Winds 
from  the  east  can  retard,  or  from  the  west  can  augment  the  inflow  of 
Atlantic  surface  water,  depending  on  their  duration  and  force.  Wind 
driven  currents  can  affect  water  masses  down  to  100  feet  but  ar  •' 
negligible  below*  this  depth;  however,  wind  drift  usually  is  we-  ’use 

wind  speeds  in  this  area  range  from  Beaufort  Force  0 to  3.  Str  ...  grinds 
from  the  vest  in  summer  and  the  east  in  winter  can  develop  appreciable 
cross-currents . 


(D)  Rapid  evaporation  cf  surface  water  in  the  western  Mediterranean, 

particularly  in  the  northern  part  of  the  Balearic  and  Ligurian  Seas, 
produces  surface  water  of  high  salinity  which  sinks  and  is  replaced  by 
less  saline  Atlantic  surface  water  that  flows  east  through  the  Strait  of 
Gibraltar.  The  salt  balance  between  the  Mediterranean  and  the  Atlantic 
is  maintained  by  a bottom  counter-current  of  high  salinity  that  flows 
out  of  the  Mediterranean  through  the  Strait  of  Gibraltar.  Miring  occurs 
between  the  surface  and  bottom  currents  forming  a transition  zone  which 
has  strong  vertical  movements  and  weak,  variable  currents. 

(U)  Strong  tidal  currents  superimposed  on  the  surface  and  subsurface 

currents  reduce  the  inflow  when  they  set  from  the  Mediterranean  into  the 
Atlantic  Ocean,  and  increase  the  inflow  when  they  set  from  the  Atlantic 
into  the  Mediterranean. 

(D)  The  nos t persistent  part  of  the  prevailing  surface  current  in 

the  western  basin  flows  east  between  Gibraltar  and  Tunisia  where  about 
50  to  65  percent  of  all  current  observations  show  a set  between  northeast 
and  southeast,  and  of  these  most  show  a set  due  east.  Transient  westerly 
sets  are  caused  by  easterly  gales.  The  most  variable  currents  (in 
direction)  occur  in  the  central  parts  of  the  basins.  There  is  a westerly 
return  current  along  the  north  slope. 

(0)  The  surface  current  sets  southeastward  into  the  eastern 

Mediterranean  through  the  Strait  of  Sicily  at  speeds  ranging  from  0.2 
to  1.0  knot.  In  the  Malta  channel  the  current  is  Influenced  by  the 
wind  but  generally  sets  east-southeast  at  1.2  knots.  Along  the  south 
coast  of  Sicily  the  southeast  setting  current  is  weak  except  when 
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Legend:  Solid  arrows  denote  a 

persistence  of  25  percent 
of  the  tine  or  greater. 
Dashed  arrows  denote  a 
persistence  of  less  than 
25  percent  of  the  tine. 


2.2-2.  Mean  Surface  Current  Direction  and  Speed  (in  knots) 
for  the  Months  July  through  December 
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accelerated  by  west  to  northwest  winds.  During  strong  southerly  winds 
a northwest  setting  current  n-'.y  occur  along  the  south  coast  of  Sicily 
and  during  gales  it  say  attain  a speed  of  2.0  knots.  The  counter- 
clockwise circulation  of  the  eastern  Mediterranean  deflects  the  0.1 
to  1.0  knot  southeast  setting  currents  off  Tunisia  and  Libya  toward 
the  coast.  Except  for  a counter  current  in  the  Gulf  of  Sirte,  the 
surface  currents  set  eastward  along  the  coast  of  eastern  Libya  and 
into  the  Levantine  Basin  at  speeds  of  0.4  to  0.8  knot. 

(D)  In  the  Levantine  Basin  the  surface  currents  set  east  at  0.4 

to  1.0  knot  paralleling  the  coast  of  Egypt.  However,  off  the  coast  of 
Libya  and  Egypt  this  current  nay  set  westward  for  brief  periods  under 
the  influence  of  strong  southern  winds  that  occur  taost  frequently  in 
winter.  The  surface  current  parallels  the  coast  around  the  Levantine 
Basin  at  speeds  of  0.4  to  1.0  knot  off  Israel  and  Lebanon,  1.0  to  1.5 
knots  between  Syria  and  Cyprus  and  0.4  to  1.0  knot  off  Turkey  and 
between  Crete  and  Turkey  into  the  Aegean  Sea.  Part  of  this  current 
veers  south  to  southeasterly  around  the  west  tip  of  Cyprus  at  speeds 
of  0.2  to  0.6  knot  and  completes  the  counter-clockwise  movement  of  the 
Levantine  Basin.  North  of  Crete  a portion  of  the  southward  flowing 
Aegean  current  divides.  One  branch  sets  eastward  at  speeds  of  0.2  to 
0.7  knot,  part  rejoining  the  northward  currents  in  the  Dodecanese  and 
part  passing  around  the  easte.  tip  of  Crete  and  setring  westward 
south  of  the  island.  The  other  branch  veers  westward  at  speeds  of  0.2 
to  0.7  knot  between  the  coasr  of  Greece  and  Crete  and  continues  north- 
westward along  the  west  coat  if  Greece  toward  the  Ionian  Sea. 


(U)  The  surface  current  which  enters  the  Ionian  Sea  from  the 

Aegean  Sea  also  divides.  One  branch  flows  northward  along  the  western 
coast  of  Greece  at  speeds  of  0.2  to  0.6  knot  and  joins  the  counter- 
clockwise circulation  of  the  Adriatic  Sea.  The  other  branch  veers 
southvestward  and  joins  the  southeast  flowing  currents  in  the  Ionian 
Sea. 
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(U)  This  branch  completes  the  counter-clockwise  circulation  of 

the  eastern  Mediterranean  Sea.  The  prevailing  circulation  pattern  of 
the  eastern  Mediterranean  Sea  does  not  exist  as  a steady  flow.  Currents 
are  weak  and  variable  and  their  degree  of  variability  cannot  be  pre- 
dicted. 

2.2.3(D)  Ocean  Fronts  (D).  Ocean  fronts  are  boundaries  between  different 
water  masses.  Fronts  may  vary  in  degree  from  the  extreme  changes  in 
physical  properties  observed  across  the  north  wall  of  the  Gulf  Stream  to 
the  almost  negligible  physical  change  observed  across  transient,  near- 
surface fronts  that  are  produced  by  convergence  in  otherwise  homogeneous 
areas.  Typically,  the  surface  change  across  a front  consists  of  an 
exaggerated  horizontal  temperature  and  salinity  gradient,  plus  a shift 
in  surface  circulation.  Major  fronts  may  exhibit  temperature  gradients 
of  up  to  12°C  over  a distance  of  10  kilometers.  No  fronts  of  this  nature 
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occur  in  the  Mediterranean  Sea.  Even  with  minor  fronts,  however,  the 
thermohaline  structure  may  be  complex.  Other  frontal  characteristics 
include  considerable  horizontal  change  in  temperature  and  salinity  with 
corresponding  density  variation,  rapid  change  in  sonic  layer  depth,  and 
the  presence  of  multiple  sound  channels. 

(U)  During  several  cruises  covering  many  of  the  basins  or  smaller 

seas  throughout  the  Mediterranean,  a number  of  thermal  fronts  or  frontal 
zones  have  been  encountered.  In  the  eastern  Mediterranean,  20  frontal 
zone  crossings  have  been  recorded  at  various  locations  (Levine  and  White, 
1972) . At  some  of  these  locations  the  frontal  zone  had  no  surface 
manifestation,  but  the  front  vas  ooservable  in  the  seasonal  thermocline. 

One  study  (Katz,  1972)  indicates  a frontal  zone  in  the  western  Mediterranean 
at  the  entrance  to  the  strait  southwest  of  Sardinia.  There  is  also  evi- 
dence of  a frontal  crossing  northwest  of  Sicily,  at  the  entrance  to  the 
Tyrrhenian  Sea.  The  positions  of  documented  frontal  crossings  in  the 
Mediterranean  are  shown  in  figure  2. 2. 3-1.  It  is  quite  possible  that 
additional  fronts  in  the  Mediterranean  may  be  identified  in  the  future, 
because  fronts  are  possible  wherever  differing  water  masses  interact 
as  well  as  wherever  shallow  sills  are  located.  In  theory,  fronts  should 
be  found  in  the  Mediterranean  wherever  the  relatively  cold,  fresh  surface 
water  of  North  Atlantic  origin  comes  into  contact  with  the  warmer,  more 
saline  water  inherent  to  the  Mediterranean. 

(D)  From  a practical  point  of  view,  only  the  Maltese  front,  extend- 

ing northeastward  from  the  Island  of  Malta  toward  the  Ionian  Sea,  is  of 
significance  to  ASW  operations.  Documented  positions  of  the  Maltese 
front  for  winter,  spring,  and  summar  are  shown  in  figure  2. 2. 3-2 
(references  1-8) . Seasonal  variations  in  frontal  location  occur  as  the 
front  migrates  eastward  from  the  shallow  water  of  the  continental  shelf 
in  spring,  to  deeper  water  in  summer.  By  winter  it  is  located  within 
the  Ionian  Sea,  in  water  deeper  t^an  1,500  fathoms.  Frontal  migration 
is  most  likely  the  result  of  thr*  influence  of  large  scale  meteorological 
processes  (Johannessen  et  al.,  1971).  Meandering,  i.e.,  wave-like 
perturbation  of  the  front,  was  also  observed  during  several  investigations 
from  multiple  closely  spaced  crossings  of  the  front  (references  2,  5,  7). 

(U)  Temperature  differences  across  the  front  normally  range  from 

1.0°  to  1.5°C,  w^ith  greater  differences  occasionally  observed.  Figures 
2. 2. 3-3  and  2. 2. 3-4  are  typical  examples  of  temperature  profiles  on 
both  sides  of  the  front  during  spring  and  summer.  In  spring,  surface 
heating  of  the  cold  water  overlying  the  continental  slope  nay  cause  sur- 
face temperature  to  the  west  of  the  front  to  be  greater  than  in  the 
normally  warm  water  to  the  east.  This  trend  is  reversed  by  summer, 
and  surface  temperature  to  the  east  of  the  front  once  again  becomes 
warmer.  During  summer,  the  depth  to  the  top  of  the  seasonal  thermocline 
was  observed  to  be  greater  in  the  cold  water  west  of  the  front  than  in 
the  warm  water  east  of  the  front  (Anderson  et  al.,  1972).  The  seasonal 
thermocline  extended  to  a depth  of  150  meters  in  the  cold  water  during 


UNCLASSIFIED 


p - " m S'3^§££ 


UNCLASSIFIED 


TEMPERATURE  CC}  SPRING 


X 250 


Figure  2.2. 3-3.  Temperature  Differences 
Across  the  Maltese  Front,  Spring 
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Figure  2.2. 3-4.  Temperature  Differences 
Across  the  Maltese  Front,  Summer 
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sumner  and  to  only  100  meters  in  the  warm  water.  A veil  defined 
temperature  inversion  (sound  channel)  has  been  observed  at  the  base  of 
the  thermodine  in  the  warm  water  (Shonting  and  Nacini,  1971). 

(U)  The  salinity  of  the  water  of  Atlantic  origin  observed  west 

of  the  Maltese  front  is  less  than  that  of  the  water  of  Levantine  origin 
observed  to  the  east  of  the  front  (Kolcard,  1972).  Typical  examples  of 
salinity  profiles  on  both  sides  of  the  front  are  shown  in  figures  2.2. 3-5 
and  2.2. 3-6  for  spring  and  summer.  A salinity  difference  across  the 
front  on  the  order  of  0.6°/oo  occurs  in  sunnier  because  of  evaporation 
caused  by  the  increased  solar  heating. 

(U)  Typical  examples  of  sound  speed  profiles  on  either  side  of 

the  front  are  shown  in  figures  2. 2. 3-7  and  2.2. 3-8  for  spring  and 
summer. 
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Figure  2. 2. 3-5-  Salinity  Differences 
Across  the  Maltese  Front,  Spring 
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Figure  2. 2. 3-6.  Salinity  Differences 
Across  the  Maltese  Front,  Sinner 
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2.2.5(D)  Internal  Waves  (D) . Internal  waves,  as  defined  in  reference  10, 
are  subsurface  waves  found  between  layers  of  different  density  or  within 
layers  where  vertical  density  gradients  are  present.  They  can  exist  in 
any  stratified  fluid  and  can  be  caused  by  flow  over  an  irregular  bottom, 
atmospheric  disturbances,  tidal  forces,  and  shear  flow.  In  deep  water, 
the  height  of  internal  waves  may  be  several  hundred  feet;  however,  in  the 
main  thermo cline  they  are  normally  20-50  feet  high.  They  have  an  ampli- 
tude at  all  depths  except  at  the  bottom,  where  it  is  zero,  and  at  the 
free  surface,  where  it  is  negligibly  small.  The  distribution  of  ampli- 
tude over  depth  is  influenced  by  the  density  distribution,  since  less 
energy  is  required  to  displace  a weak  density  boundary  than  a strong  one. 
Because  of  the  large  vertical  and  horizontal  displacement  of  particles, 
internal  waves  are  icq)  or  tan  t factors  in  water  mixing  and  transport.  In 
the  Mediterranean  Sea,  internal  waves  would  be  expected  to  be  particularly 
prominent  where  relatively  low  density  water  of  Atlantic  origin  overrides 
denser  water  of  Levantine  origin  and  where  surface  water  is  separated 
from  subsurface  water  by  a seasonal  thermo cline. 


(D)  A number  of  studies  have  been  made  for  the  Strait  of  Gibraltar 

where  internal  waves  are  generated  bv  water  of  Atlantic  origin  flowing 
(i.e. , horizontal  shear)  over  markedly  different  water  of  Levantine 
origin  (references  1-5).  The  onset  of  an  approaching  internal  wave  is 
indicated  hy  a deepening  of  isotherms.  This  is  followed  by  a train 
(group)  of  oscillations  of  varying  amplitudes  that  eventually  decay. 

After  the  passage  of  the  wave  group,  the  isotherms  return  to  their 
original  depth  (references  4,  5).  The  maximum  wave  amplitudes  in  trains 
that  have  been  observed  vary  from  23  to  75  meters  (references  1,  4,  5). 
The  observed  periods  of  individual  waves  vary  from  18  minutes  near  the 
beginning  of  a wave  group  to  about  eight  minutes  in  the  decaying  tali. 
Group  periods  vary  from  1.6  to  3.5  hours.  Bands  of  ripples  separated  by 
smooth  water  have  been  observed  to  move  eastward  at  the  surface  and  it  Is 
postulated  that  they  represent  the  surface  manifestation  of  the  inter- 
action between  Atlantic  and  Levantine  water  (reference  1) . The  ripple 
bands  may  be  discernible  on  surface  radar  (references  1,  4) . Oscillation 
of  the  deep  scattering  layer  nay  occur  in  period  with  the  internal  waves 
(reference  1) - 


(D)  Reports  of  internal  waves  in  other  Mediterranean  areas  are 

meager.  One  would  normally  expect  to  encounter  internal  waves  where  two 
water  masses  are  in  proximity,  such  a'  in  the  Strait  of  Sicily,  but 
available  observatic  3 failed  to  record  their  presence  (reference  6). 
However,  internal  wt.es  with  characteristics  similar  to  those  reported  in 
the  Strain  of  Gibraltar  have  been  observed  in  the  Ionian  Sea  (r*  ferences 
7,  8). 

(0)  Internal  waves  may  have  considerable  effect  on  sound  propagation 

(reference  9).  Where  the  depth  of  the  theroocline  varies  sinusoidally, 
an  in-layer  source  will  produce  areas  of  high  sound  intensity  below  the 
theroocline  simultaneously  with  wave  crests.  In  the  case  where  the  source 
is  near  the  surface,  passage  of  an  internal  wave  causes  both  disappearance 
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(0) 

of  the  surface  duct  and  variations  of  the  shadow  zone  . reference  2) . 

Where  the  source  is  deep,  insonification  of  the  surface  area  may  be 
affected  significantly. 
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2.3(U)  Geology  and  Geophysics  (U) 

2.3-MU)  Bathymetry  (U).  The  bathymetry  of  the  Mediterranean  Sea  is 
shown  in  figure  2. 3 -1-1*  by  means  of  100  fathom  contours  that  are  based 
on  an  assumed  velocity  of  sound  in  sea  water  of  4800  ft/sec.  However,  a 
nomogram  (figure  2 -3-1-2)  provides  separate  depth  corrections  in  four 
regions  of  the  Mediterranean  for  variations  of  vertical  sound  velocity 
from  the  assumed  values.  The  following  is  a brief  summary  of  the  bathy- 
metric features - 

(U)  The  floor  of  the  Strait  of  Gibraltar  is  a sill  dividing  the 

Mediterranean  Sea  from  the  Atlantic  C-caan,  with  a limiting  depth  of  approx- 
imately 175  fathoms.  The  bottom  relief  is  extremely  rugged-  In  the  Alboran 
Sea  there  is  no  break  to  distinguish  between  the  continental  shelf  and  the 
slope-  The  basin  floor  lies  at  about  700  fathoms,  and  a saxi mum  depth  of 
about  840  fathoms  occurs  at  the  eastern  end  of  the  basin,  where  it  narrows 
to  a submarine  valley  that  descends  into  the  deeper  Balearic  Basin. 

(U)  The  floor  of  the  Balearic  Basin  is  fiat  to  mildly  sloping  and 

lies  at  depths  of  1400  to  1500  fathoms.  The  continental  shelf  is  narrow 
to  nonexistent  around  most  of  the  basin.  The  maximum  depth  of  the  basin 
exceeds  1400  fathoms. 

(U)  The  floor  of  the  Tyrrhenian  Basin  is  irregular,  but  in  some 

places  at  depths  of  1800  fathoms  or  more  it  is  relatively  flat.  Numerous 
peaks  and  knolls  ri~e  from  the  basin  floor  and  slopes.  The  Tyrrhenian 
Basin  is  separated  from  the  Ionian  Basin  by  a sill  with  a depth  of  slightly 
less  than  20C  fathoms  in  the  Strait*  of  Sicily  and  has  depths  of  less  than 
50  fathoms  in  the  Strait  of  Messina. 

(U)  The  continental  shelf  reaches  a m-ximua  width  of  about  3CD  nm 

east  of  Tunisia.  There  are  northwest-southeast  trending  troughs  on  the 
continental  shelf  between  Sicily  and  Tunisia  where  depths  are  about  700 
to  860  fathoms. 

(U)  The  Adriatic  Sea  lies  mostly  on  the  continental  shelf.  The 

floor  of  the  Adriatic  Basin  is  6G0  to  700  fathoms  deep  and  has  little 
local  relief.  The  maxi  aim  depth  of  765  fathoms  is  in  the  Strait  of  Otranto 
adjacent  to  the  sill  which  separates  the  Adriatic  from  the  Ionian  Basin. 
Limiting  depths  on  the  sill  are  approximately  450  fathoms. 

*Figure  2.3.1-i  is  inserted  in  the  envelope  bound  at  the  back  of  this 
volume. 
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(l)  The  floor  of  the  Ionian  Basin  has  considerable  local  relief 

consisting  of  seamounts,  and  many  large  and  small  elevations,  depressions, 
and  valleys. 

(C)  Most  of  the  Levantine  Basin  floor  is  mildly  undulating  with 
several  relatively  flat  regions.  Several  deep  depressions  lie  off  Turkey 
and  Rhodes  three  of  which  exceed  2000  fathoms. 

2.3.2(D)  Physiography  (D).  The  physiography  of  the  Mediterranean  may 
be  logically  divided  into  western  and  eastern  regions.  The  western 
region,  vest  of  Sicily,  consists  of  continental  margins  descending  to 
abyssal  plains  formed  by  turbidity  flows.  The  eastern  region  is  much 
more  complex  structurally  and  physiographically,  in  many  respects  being 
typical  of  the  usual  oceanic  divisions.  An  example  of  this  Is  a series 
of  basins  paralleling  and  abutting  the  Mediterranean  Ridge.  Tectonic 
activity  in  this  region  has  repeatedly  deformed  abyssal  plains  of  the 
past  similar  to  those  which  occur  in  the  western  Mediterranean.  There 
are,  however,  n any  small  abyssal  plains  in  the  deepest  parts.  Host  are 
a few  miles  across. 

(D)  A recently  revised  physiographic  province  chart  is  shown  in 
figure  2.3. 2-1*.  A.  physiographic  relief  chart  is  shown  In  figure  2. 3. 2-2*. 

2.3.3(D)  Bottom- Sediments  (D).  A great  number  of  bottom  samples  have 
been  collected  from  the  Hedi terr ancon  Sea  using  a variety  of  collecting 
techniques  (cores,  grabs,  dredges).  Descriptions  of  these  samples  range 
considerably  in  sophistication;  some  descriptions  entail  detailed 
laboratory  examination  while  others  represent  a single  word  in  a shija 
log.  A recent  summary’  of  Mediterranean  sedimentation  has  been  given  in 
"The  Mediterranean  Sea  - A Natural  Sedimentation  Laboratory"  edited  by 
D.J.  Stanley  and  published  by  Dovden , Hutchinson  and  Ross,  Inc.,  1972. 

These  data,  of  varying  credibility,  were  plotted,  evaluated,  and  ulti- 
mately used  to  compile  the  sediment  map  presented  as  figure  2. 3. 3-1*. 

(C)  Two  broad  physiographic  divisions  were  used  to  characterize 

the  Mediterranean:  shelf  and  other  shallow  water  areas,  and  the  deep 

sea.  Based  on  several  thousand  observations,  four  sediment  types  are 
represented  on  the  shelf:  (1)  gravel,  pebbles  and  shells;  (2)  sand  - 

silt;  (3)  sand  - silt  mixed  with  silty  clays;  and  (4)  silty  clays. 
Ordinarily,  the  200  meter  contour  was  used  to  define  the  seaward  Unit 
of  the  shelf.  In  several  regions,  however,  this  contour  was  ignored 
when  the  deeper  water  sediments  had  obvious  similarities  with  the 
adjacent  shelf  sediments. 

(D)  In  the  deep  areas  cf  the  Mediterranean,  roughly  100  ncn- 
uniformly  distributed  piston  cores  were  used  to  describe  the  sediment 
patterns.  The  predominant  surface  sediment  type  Is  a fine-grained 
silty  clay  consisting  predominantly  of  terrigenous  clay  or  biogenous 
carbonate,  or  both.  The  silt  fraction,  usually  dispersed  irregularly 
through  the  clays,  consists  of  oceanic  plankton  shells,  continental 

*These  figures  are  inserted  ir.  the  envelope  bound  at  the  back  of  this 
volume.  69 
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mineral  grains  (quartz,  feldspar,  odea,  etc.),  and  volcanic  ash.  The 
very  snail  dispersed  sand  fraction  contained  oceanic  plankton  shells. 

(U)  In  certain  areas,  these  surface  layers  of  silty  clay  are 

underlain  by  veil— stratified  sands  and  silts  consisting  of  volcanic 
ash  and/or  mineral  grains  (quarts,  feldspar,  etc.).  Because  the 
acoustic  performance  of  a low  frequency  system  is  sensitive  to  such 
layers,  their  distribution  is  reflected  in  the  sediment  nap.  In  the 
provinces  indicated,  these  layers  generally  lie  a few  meters  deep  in 
the  sediment,  and  often  just  below  the  surface. 

2.3.4(C)  Subbottoa  Structure  (D).  The  subbottos  structure  in  oceanic 
areas  is  obtained  from  the  seismic  refraction  method  (for  a summary 
see:  The  Sea.  Yol.  3,  pp.  20-48,  Edited  by  M.  Hill).  There  were  only 

six  published  references  available,  undoubtedly  due  to  the  difficulty 
in  obtaining  these  data.  These  publications  are  represented  by  nunbers 
on  figure  2. 3-4-1,  corresponding  to  the  reference  list. 

(0)  No  effort  was  made  to  obtain  unpublished  data  from  either 

research  institutions  or  petroleum  companies - Only  reversed  profile 
refraction  data  were  used,  thus  avoiding  any  ambiguous  results.  Some 
of  these  data  were  presented  as  single  points  while  others  were  given 
by  the  refraction  lines.  For  the  latter,  the  structure  beneath  the 
profile  is  shown  at  the  mid-point  of  the  profile. 
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(D)  These  refraction  data  have  been  presented  in  the  following 

format. 

3 Reference  Number 

2.38  W.D.  Vater  Depth  in  Kilometers 
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* Represents  an  assumed  velocity 
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(U)  The  numbers  above  the  data  on  the  several  naps  refer  to  a 

t jnsecutive  listing  of  refraction  stations.  This  listing  was  prepared 
and  is  retained  by  the  D.S.  Naval  Oceanographic  Office,  Code  6120,  and 
contains  all  information  pertinent  to  the  original  data.  The  stations 
are  also  described  in  the  references  as  follows: 


Stations 


13-19 

20-46 


48-49 


Reference 

Ewing,  M.  and 
Ewing,  J.  (1959) 

Michno  (1963) 

Gaskell,  T.F.,  et  al.,  (1959) 

FahlqtrLst,  D.A.  and 
Hersey,  J.B.  (1969) 

Leenhardt,  0.  (1969) 

Wong,  H.K.,  et  al.,  (1970) 
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<U) 


e Animal  Targets  (U).  Potential  submarine-like  sonar  con- 
iditerranean  include  several  types  of  cetaceans  (whales  and 
certain  schooling  fishes.  Sperm  whales  are  widely 
the  Mediterranean,  occurring  throughout  the  year.  They 
in  the  western  basin.  Fin  whales  enter  the  western 
iterranean  Sea  in  autumn,  some  individuals  remaining 
Characteristics  of  whales  and  other  large  animals 
is  area  are  presented  in  table  2.4.1— I.  The  seasonal 
marine  mammals  is  shown  in  figures  2.4.1— 1 through 


fishes,  such  as  tuna,  may  produce  strong  sonar  echoes, 
that  occur  in  large  dense  schools  also  constitute  good 
s.  The  principal  schooling  fishes  in  this  area  are 
sardine,  anchovy,  mackerel,  and  jack  families.  The 
a fish  school  and  accompanying  predators,  such  as  tuna 
ay  present  a confusing  target  to  the  sonarman. 

neral,  schooling  fishes  are  most  abundant  in  coastal 
ey  feed  and  spawn.  Large  schools  of  sardines  and 
off  the  coasts  of  Spain  and  Algeria  in  spring  and  move 
waters  of  Tunisia  and  Italy  by  early  summer.  Concen- 
wning  sardines  occur  during  autumn  and  winter  off  the 
e and  Yugoslavia.  Sardines  are  abundant  during  autumn 
ern  part  of  the  Mediterranean.  Mackerel  and  sardines 


TABLE  2. 4.1-1.  CHARACTERISTICS  OF  CLkTAIN  LARGE  KARINE  ANIMALS 


Figure  2. A. 1-5.  Distribution,  Relative  Abundance,  and  honths  of 
Greatest  Abundance  of  Certain  Schooling  Fish  (Principally 
Herring,  Sardine,  Anchovy,  and  Mackerel) 
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2.4.2(D)  Soniferous  Marine  Animals  (0) 

2.4.2.1(C)  Msrnnala  (D) . Whales  and  porpoises  are  capable  of  emitting 
a variety  of  sounds.  The  baleen  (whalebone)  whales  produce  tones  that 
are  relatively  low-pitched,  from  about  15  to  8,000  Hz.  The  ultrasonic 
clicks  of  some  porpoises  nay  exceed  200  kHz.  The  acoustic  characteristics 
ct  cetaceans  occurring  in  this  area  are  s notarized  in  tab3e  2.4. 2-1. 

2.4.2.2(D)  Fish  (D).  Many  of  the  comncn  fishes  of  this  region  are 
known  to  be  sound  producers;  othars  are  considered  capable  of  sound 
production  because  of  their  close  relationship  to  North  Atlantic  species 
that  are  known  to  be  soniferous.  The  principal  frequencies  of  most  fish 
sounds  in  this  region  lie  between  50  and  800  Hz.  An  exception  is  the 
triggerfish,  which  produces  a metallic  scratching  sound  with  considerable 
energy  in  the  2,400  to  4,800  Hz  band.  Characteristics  of  representative 
soniferous  fishes  are  presented  in  table  2.4.2-11. 

0J)  Sound-producing  fishes  are  concent  -.ted  in  coastal  waters  and 

are  more  abundant  in  certain  partially  enclosed  bodies  of  water  such  as 
the  Gulf  of  Lion,  Gulf  of  Gabes,  and  the  Aegean  and  Black  Seas. 

(U)  In  winter,  there  is  an  offshore  movement  to  deeper  water; 

fish  noise  is  greatest  along  the  African  coast  and  minimal  in  the 
northern  part  of  the  Mediterranean  Sea  and  in  the  Black  Sea.  Croaker 
and  gurnard  noise  increases  in  the  northern  part  of  the  area  in  spring 
and  continues  at  a high  level  until  early  autumn. 

(D)  The  seasonal  distribution  and  abundance  of  the  principal  soni- 

ferous fishes  are  shown  in  figures  2.4. 2-1  through  2. 4. 2-4. 

2.4.2.5(D)  Crustaceans  (0).  The  snapping  or  pistol  shrimp  is  a small 
crustacean  that  individually  produces  a loud  snapping  sound,  but  in  a 
large  colony  produces  a continuous  crackling  noise.  Chrisp  noise  ranges 
in  frequency  fron  less  than  1 kHz  to  50  kHz,  with  principal  components 
between  2 and  20  kHz.  Shrimp  crackle  dominates  water  noise  above  2 kHz 
and  exerts  a strong  masking  effect  on  signals.  At  1000  Hz,  noise  over 
shrimp  beds  can  reach  levels  equivalent  to  sea  state  4.  In  regions 
where  the  characteristics  of  shrimp  noise  have  teen  studied,  no  signifi- 
cant seasonal  variations  have  been  noted.  However,  slight  diurnal  varia- 
tions have  been  reported,  the  nighttime,  level  being  somewhat  higher  than 
the  daytime  level. 

(U)  Another  soniferous  crustacean  of  this  area  is  the  spiny  lobster 

or  langouste.  This  animal  makes  a rasping  or  rattling  sound  by  rubbing 
its  long  antennae  against  a ridged  area  of  its  shell.  Frequencies  renge 
fron  40  Hz  to  about  9 khz,  with  greatest  intensities  at  600  Bz,  800  Hz, 
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TABLE  2. 4. 2-1.  ACOUSTIC  CHARACTERISTICS  OF 
MEDITERRANEAN  CETACEANS 
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1 


Frequency  Principal  Fre-  Source  Level 

Range  (Hz)  quencies  (Si)  (d3//lu?a) 


Description  of  Sound 


- 

Fin  Whale 

15-34 

20 

170  - 180 

Pure  tone  pulses  of  about  1 
sec  duration  repeated  at  a rate 
of  several  per  ninute 

Sei  Whale 

20  - 200 

40 

55  - 60 

Sporadic  mans  0.5  to  2.5  sec 
in  duration 

Kin  ice  Whale 

60  - 130 

60  - 120 

160  - 165 

Sounds  of  0.2  to  0-3  sec, 
sleeping  downward  in  frequency 

Hunpback 

Whale 

2 00  - 6000 

200  - 1600 

154  - 172 

Variety  of  grunts,  naans  and 
sustained  tones  that  nay  rise  or 
fall  in  frequency 

Spern  Whale 

200  - 32,000 

3000  - 5000 

165.5  - 175.3 

Powerful  clicks  eaitted  at  rates 
varying  frcn  1/sec 

Pilot  Whale 

1000  - 8000 

2000  - 4000 

sa 

Squeals  and  whistles,  narrowband 

Harbor 

Pcrpoise 


- 20,000 


or  sleeping  up  cr  down  several 
kEr 

Short,  broadband  pulses  of  a few 
nsec  duration  at  rates  of  10- 
50/scc 


- 20,000 


1000  - 3000 


25-30 


of  5-250/sec 


Clicks  of  0-5-5-0  nsec  at  rates 
up  to  1030/sec  resulting  in 
nodulated  whistles 


Sottlenose 

Whale 

3000  - 16,000 

3000  - 
7000  - 
12,000  - 

5000 

9000 

14,000 

ca 

Whistles  and  chirps  of  115-350  * 
nsec,  single  frequency  or  sweeps  f 
through  various  frequencies  ; 

500  - 26,000 

8000  - 

12,000 

veax 

Clicks  of  2-17  nsec  at  rates  up  * 

to  62/sec  ■ 

False  Killer 
Whale 

3000  - 17,000 

4000  - 

8000 

na 

Narrowband  whistles  of  0. 5-1.0  sec  * 

Sottlenose 

Porpoise 

2000  - 20.000 

7000  - 

15,000 

na 

Various  whistles  of  1 sec  or 

iess  * 

100  - 200,000 

30,000  - 

60,000 

70 

Clicks  of  50-250  nsec  at  rates 
of  40-600/sec 

Conan 

Dolphin 

2000  - 40,000 

8000  - 
2000  - 

16,000 

32.000 

sa 

Various  whistles  of  1 sec  of 

less  1 

10C  - 150,000 

140 

Clicks  of  50-250  nsec  at  rates  : 

:^§ . .<H£i* 
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TABLE  2.4.2-II.  BIOACOUSTIC  CHARACTERISTICS  OF  FISH 


Croakers 


Gurnards 


Abundance 

Distribution 

Habitat 

Present  throughout 
scat  of  the  area. 

Co noon  in  vaters 
less  than  4b  fathoss 
deep.  Usually 
spawns  in  late  Spring 
(April  through  June); 
prefers  saooth  or 
soft  bottoms. 

Present  mainly  in 
deep  vaters  of  the 
area;  usually  near 
saooth  or  sandy 
bottoss. 


Present  tc  common 
in  vater  depths  less 
than  25  fathoss 
occur  neer  saooth 
bottoas  and  near 


Frequency 

Sange 


30  to  6300 


Peak  Energy 
at  (Ez) 

3G  to  1200 
peak  point 
at  400 


Peak 

Pressure 


126  1 aeter 


50  to  1700 


1 neter 


1.00  to  1600 


1 inter 


Description  of  Sound 

Drum  sounds,  moans,  and 
grumbling  produced  by 
species  In  area.  Most 
sound  produced  during 
evening  hours  and  breed- 
ing periods. 


Clucking,  double  drum 
sounds  produced  by 
species  in  area.  Most 
sound  produced  during 
periods  of  danger  and 
breeding. 

Hasping,  amplified  by 
air  bladders. 


Toadfishes 


Damsel- 

fishes 


Coassn,  usually  in 
shallow  vaters 
inhabiting  sand  and 
nud  bottoms  among 
veeds.  Often  seek 
shelter  under  rocks 
or  debris. 

Co  area  throughout 
year  in  shallow 
vete.s  of  area; 
usually  in  rough 
bottom  habitats; 
sometimes  in 


50  to  800  60;  240  to  146  1 aeter 

140  to  3850  300;  1*0 
to  350 


50  to  1500  below  500 


Loud  boat -whistle  blast 
or  honk  preceeded  by  a 
grunt  or  growl.  Maxi- 
mum noise  during  spawn- 
ing period  which  usually 
occur  luring  December. 


116  1 meter  dicks,  rasps,  and 

drumming.  h53t  sound 
produced  during  breed- 
ing. 


SerringltEe  Ccrxm  in  most  of 
fishe*  arse  throughout 

year,  with  greatest 
abundance  daring 
March  through 
September.  Pe- 
lagic schools. 


0 to  2000; 
1200  to 
5000 


800; 
2000  to 
3500 


10  to  15  dB 
above  ambient 
sea  noise 


Veering  noises;  chirp- 
ing sounds  produced  by- 
sardines  in  area.  Some 
species  also  produce 
weak  internal  squecks 
and  knocks. 
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TABLE  2.4.2-II.  BIOACOUSTIC  CHARACTERISTICS  OF  FISH  (Continued) 


riddance 

Distribution 

Habitat 


Frequency 

?JS|C 


Peak  Energy 


Peak 

Pressure 


Mackerels , Pelagic  schooling  fishes  0 to  400G 


Jacks, 

bonitos 


Blue fishes 


Groupers 


of  similar  site.  First 
two  types  most  come 
in  area  during  March 
through  September. 
Bonito  present  all 
year,  with  aost  abtad- 
ance  during  April 
through  dune. 

Pelagic  schools 
nigrate  through  the 
area  free  vest  to  east 
during  April  through 
June,  free  east  to 
west  during  September 
through  Sc  venter . 

Found  in  large  con- 
centrations sear 
the  coast  dtr  ing 
January  through 
June. 

Occur  mostly  aaong 
rock  and  cord 
hot tons  near  shore 


Triggerf lsh  Sluggish  fish  of  75  to  9600 

reef  or  rocky  regions, 
sometimes  living  among 
weeds.  Seasonal 
fluctuation  is  in- 
significant. 

Bake  Strang  svlaaers  of  80  to  S75 

all  water  levels  fren 
betters  to  surface 
cc curing  free  tide 
line  to  depths  of  200 
father*  or  aore.  Most 
abundant  in  shoal  waters 
during  July  through 
September  when  spawn- 
ing; general  move  sent 
to  ceeper  water  in 
Sovemher  and  Dacenber 


7JS  to  1300  126 
2400  to 
4300  depend- 
ing on 
species 


1 meter 


Description  of  Sound 

Thorps,  pops,  crackles 
as  the  school  turns; 
also  produce  weak 
Internal  rasps. 


400  to  5000  30C  to  700  25  above 

1300  to  2000  average  sea 
noise 


20  to  220  Under  180  Sot  available 


0 to  400  Below  150  127  i peter 


3b  oexs  produced  as 
schools  swin  or  turn. 


Sot  available 


Sti  elides,  t heaps, 
and  knocks. 


Grcnts,  knocks,  boons. 
Occasional  single, 

4-rest,  and  6-beat,  but 
usually  5~b*at  bursts  of 
sound  when  disturbed - 
Each  ol  the  five  "drum 
beats"  consists  of  five 
sousd  pulses  with  rapidly 
dropping  pitch. 

Metallic  scratching; 
heunfng  anc  d running 


: ingle  weak  knock;  boots; 
raps. 
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and  2.5  to  4.7  kHz.  Spiny  lobsters  tend  to  increase  their  production 
of  sound  when  gathered  together  in  groups.  Thus,  the  combined  output 
of  many  lobsters  may  result  in  a significant  increase  in  the  overall 
ambient  noise  level  in  certain  localities. 

(U)  The  characteristics  of  snapping  shrimp  and  spiny  lobsters  are 

presented  in  table  2.4.2-III.  The  characteristics  of  squids,  which  are 
also  noise-producers,  ar*  also  presented  in  this  table. 

(U)  Figure  2.4. 2-5  shows  the  distribution  of  snapping  shrimp  in 

the  Mediterranean,  based  on  literature  records  and  limiting  environ- 
mental factors.  Published  reports  indicate  that  snapping  shrimp  are 
abundant  off  the  coasts  of  Algeria,  Italy,  and  Yugoslavia.  Favorable 
habitats,  characterized  by  rocky  or  coral  bottom  in  depths  between  5 
and  30  fathoms,  exist  around  most  of  the  Mediterranean  islands,  along 
much  of  the  North  African  coast,  and  off  the  western  Black  Sea  coast. 

(U)  The  spiny  lobster  also  frequents  rocky  or  coral  bottoms,  but 

its  depth  limit  is  greater  than  that  of  the  snapping  shrimp.  Specimens 

have  been  taken  from  more  than  100  fathoms  in  the  Mediterranean, 
along  the  coasts  of  France  and  Yugoslavia,  about  the  Greek  islands, 
and  along  the  rocky  parts  of  tne  African  coast. 

2.4.3(B)  Bioluminescence  (U).  Bioluminescence,  usually  referred  to 
as  phosphorescence  by  mariners,  has  been  observed  throughout  most  of 
the  Mediterranean.  Under  the  proper  environmental  conditions,  micro- 
scopic and  larger  protozoans,  crustaceans,  and  jellyfishes  responsible 
for  bioluminescance  increase  in  abundance  to  such  an  extent  that  the 
light  they  emit  gives  the  sea  a luminous  appearance.  Bio  luminescence 
may  be  weak  and  evident  only  at  the  tops  of  breaking  waves,  or  it  may 
be  bright  and  long  lasting,  resulting  in  displays  that  are  observable 
for  great  distances.  The  latter  type  of  bioluminescence  usually  is 
seen  in  warmer  waters  and  has  been  termed  "sea  fire"  or  "milky  sea". 

(U)  The  characteristics  of  a luminous  display  depend  primarily 

on  the  kinds  of  organisms  present,  tneir  size,  and  their  relative 
abundance.  Most  colors  of  the  visible  spectrum  have  been  seen  in 
displays  at  one  time  or  another,  but  yellow,  white,  or  shades  of  blue 
are  seen  most  frequently.  Displays  are  classified  according  to  three 
basic  types: 

• Sheet  Type  - a diffuse,  shimmering  light,  often 
making  the  sea  surface  appear  milky.  This  type 
of  display  usually  is  produced  by  masses  of  tiny, 
light-emitting  organisms  called  dinoflagellates. 

Displays  may  cover  large  areas  of  the  sea  surface, 
at  times  causing  a uniform  glow  from  horizon  to 
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Snapping 

Shrimp 


Spiny 

Lobster 


Squid 


Present  in  the  area  Belov  2000 

vhere  habitat  cor.-  to  above 

ditcns  are  favorable.  25.00C 
Prefer  coral  or 
rocky  hotter  offer- 
ing concealment. 

Usually  at  depths 
less  than  30  fathoms. 


4000  to  SOGO  155  at  one  Continuous  crackling 
meter  (single  noises  over  beds  sic- 
snap)  ilar  to  frying  fat. 

Shrimp  crackles  dom- 
inate water  noise 
above  2000  Ha.  Soise 
level  slightly  higher 
at  night  with  peak 
just  before  sunrise 
and  after  sunsec 


Common,  widely  40  to 

distributed.  Usually  12,000 

inhabit  rough 

bottoms  such  as  reefs 

to  depths  of  100 

fathoms,  but  mainly 

in  much  shallower  water. 


600  (rattle)  97  at  one 
S00;  2500  to  meter 
4700  (rasp) 


Slow,  lew-pitched 
rattles,  sharp  rasp 
or  creaking  noise. 
Most  sound  production 
at  night. 


Occur  in  deeper  off-  0 to  4500  1000  to  2000  103  at  one  Emit  popping  and 

shore  waters  during  meter  squirting  sounds  as 

the  day  and  migrate  to  they  swim, 

shallower  near-shore 
waters  at  night. 


35 

UNCLASSIFIED 


ji»j^«-v^^  ^gi^r^b  „j 


£ ■ i 


If. 


UNCLASSIFIED 


horizon,  or  they  may  appear  as  irregular  patches 
or  vide  ribbons  of  light  in  an  otherwise  dark  sea. 

• Spark  Type  - innumerable  flickering  pinpoints  of 
light,  particularly  conspicuous  in  the  wake  of  a 
ship,  along  the  hull  line,  or  in  agitated  vaters. 
Crustaceans,  such  as  copepods  and  euphausiids, 
cause  this  type  of  display.  They  luminesce  in 
response  to  external  stimuli,  such  as  objects 
moving  through  the  water  or  the  action  of  the 
wind  on  the  surface  of  the  sea. 

• Glowing-Ball  Type  - appearing  as  distinct  and 
separate  flashes  or  blobs  of  light  of  various 
diameters,  commonly  having  a disc  or  globular 
shape,  and  originating  either  at  or  below  the 
surface  of  the  sea.  The  organisms  responsible 
for  this  type  of  display  include  jellyfishes, 
ctenophores,  and  tunicates.  Glowing-ball  dis- 
plays are  more  common  in  warm  vaters  and  are 
much  more  varied  in  appearance  and  color  than 
the  other  types. 

(U)  Bioluml nes cent  displays  frequently  consist  of  a combination 

of  two  basic  types;  occasionally,  all  three  types  may  be  seen  at  the 
same  tine. 

(D)  In  addition  to  the  three  basic  types  of  bioluminescence, 

certain  other  displays  have  been  reported,  such  as  expanding  or  con- 
tracting patches  of  light,  wheels  of  light  rotating  on  or  just  below 
the  surface  of  the  sea  C'phospho rescent  wheels")  and  large  milky 
bubbles  that  seem  to  rise  to  the  surface  and  burst.  Innumerable 
variations  of  the  above  phenomena  have  been  observed.  The  puzzling 
phenomenon  of  "phosphorescent  wheels"  has  not  been  noted  in  this  area. 
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(D)  All  marine  organisms  responsible  for  light  displays  are 

planktonic,  i.e.,  they  drift  passively  with  the  ocean  currents.  The 
abundance  and  distribution  of  these  organisms  in  a specific  region 
depend  upon  the  various  environmental  factors  that  affect  the  organisms 
as  they  are  carried  into  or  through  a region. 

(D)  Large  concentrations  of  bioluml nes cent  organisms  (and  thus 

bio luminescence  displays)  occur  more  frequently  in  coastal  waters  of 
the  Mediterranean,  including  those  of  the  various  islands,  than  in  the 
open  sea.  Marine  organisms  responsible  for  displays  are  abundant  In 
the  western  Mediterranean  and  gradually  become  less  abundant  toward 
the  eastern  part  of  the  sea.  However,  the  north  and  central  parts  of  the 
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Adriatic  are  exceptions,  because  they  contain  a much  richer  concentra- 
tion of  bloluminescent  organisms  than  do  other  parts  of  the  Mediterranean. 
Also  bioluminescent  forms  are  much  more  abundant  in  the  Sea  of  Marmara, 
the  Slack  Sea,  and  the  Sea  of  Azov  than  in  the  Mediterranean,  with  the 
exception  of  the  north  and  centra?.  Adriatic. 

(U)  Figures  2.4. 3-1  through  2. 4. 3-4  present  the  seasonal  distri- 

bution and  abundance  of  luminescent  organisms  based  upon  recorded  data 
and  estimates.  Organisms  capable  of  producing  bioluminescence  are 
least  abundant  during  winter  (January  through  March).  However,  con- 
centrations of  jellyfishes  and  euphausiids  in  the  Gulf  of  Corinth  make 
this  body  of  water  rhe  most  likely  site  of  glowing-ball  and  spark-type 
luminescence  during  this  season. 

(U)  In  spring  (April  through  June)  an  increase  in  plankton  in- 

creases the  potential  for  sheet-type  luminescence.  High  concentrations 
of  jellyfishes  are  responsible  for  extensive  areas  of  glowing-ball  type 
luminescence  off  the  western  Italian  coast  and  the  Gulf  of  Corinth. 

(U)  Maximum  bioluminescence  potential  exists  during  summer  (July 

through  September) . Plankton  organisms  capable  of  spark-type  luminescence 
probably  are  concentrated  at  depths  of  30.5  to  182.9  meters  (100  to  60Q 
feet). 

(U)  During  autumn  (October  through  December)  the  sunser  abundance 

of  bioluminescent  organisms  may  continue  somewhat  throughout  most  of 
the  area.  However,  the  number  of  organisms  and  frequency  of  displays 
is  expected  to  decrease  as  the  season  progresses. 

(D)  Submarine  movement  can  be  detected  if  bow  waves  and  wakes 

become  bioluminescent.  The  wake  is  particularly  noticeable,  appearing 
as  a long  luminescent  streak  or  band  in  a dark  sea.  Periscope  wakes 
and  torpedo  tracks  also  may  appear  luminescent.  Figure  2.4. 3-5  indicates 
bioluminescent  wake  lengths  and  initial  brightest  distances  for  different 
types  of  bioluminescence  versus  ship  end  ordnance  speed.  Submerged  sub- 
marines have  been  visually  observed  to  depths  of  over  SO  meters  (269 
feet)  when  outlined  by  biclundnescence.  Starlight  scopes  or  electronic 
image  intensifiers  increase  Cue  depth  of  observation.  Depths  to  which 
bioluminescence  can  be  observed  are  listed  in  tabie  2.4. 3-T.  The  values 
presented  in  figure  2.4. 3-5  and  tabie  2.4.3— I are  based  on  theoretical 
computations . 
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Figure  2.4. 3-1.  Distribution  and  Abundance  of  Bio luminescent 
Organisms,  Winter  (January-March) 
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Figure  2. A. 3-5 (C).  Bioluninescent  Wake  Lengths 
and  Initial  Brightest  Distances  (U) 
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TABLE  2. 4. 3-1  (C).  MAXIMUM  DEPTH  IN  METERS  (FEET)  AT 
WHICH  BIOLUMINESCENTLY  ILLUHINATED  SUBMARINE 
MAY  BE  DETECTED  FROM  OVERHEAD3  (’J) 


Light  Conditions 


Coastal  Water* 


Oceanic  Water** 


Unaided 

Eye 


Starlight 

Scope 


Unaided 

Eye 


Starlight 

Scope 


Dark  Day 

2.3 

(7.6) 

2. 

8 

(9.2) 

5 

(16.4) 

C 

-e 

116.4) 

Twilight 

10.0 

(32.8) 

13. 

5 

(44.2) 

21 

(68.9) 

28 

(91.9) 

Deep  Twilight 

16.8 

(54.7) 

24. 

0 

(72.2) 

35 

(114.8) 

50 

(164.0) 

Full  Moon 

24.0 

(78.7) 

35. 

0 

(114.8) 

51 

(167.3) 

73 

(239.5) 

Quarter  Moon 

31.5 

(103.2) 

42. 

8 

(140.4) 

65 

(213.3) 

89 

(292.0) 

Starlight 

36.0 

(118.1) 

49. 

8 

(163.4) 

75 

(246.1) 

103 

(337.9) 

Overcast  Sight 

39.3 

(129.0) 

57. 

0 

(187.0) 

82 

(269) 

121 

(397.0) 

a Adapted  fron  R.H.  Broun,  SSL  Report  1065,  June  2,  1970,  Preliminary  Analysis  of  the  Detection 
of  Objects  by  Bloluslnescence,  Table  3,  p.  16 

* Secchi  disc  visible  to  a depth  of  about  16  aeters  (53  feet) 

**  Secchi  disc  visible  to  a depth  of  about  3*  meters  (112  feet) 
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Shipping  Density 


(U)  Shipping  in  the  Mediterranean  is  extremely  heavy  as  compared 

to  nost  other  parts  of  the  world,  with  the  possible  exception  of  certain 
coastlines.  It  is  estimated  that  on  any  given  day  there  are  over  1000 
ships  of  over  1,000  tons  displacement  underway.  This  count  does  not 
include  large  numbers  of  smaller  commercial  and  recreational  boats, 
which  could  be  of  significance  in  terms  of  noise  production  near  the 
French  and  Italian  coasts.  This  shipping  is  spread  throughout  the 
Mediterranean,  but  has  its  greatest  concentration  on  the  shipping  lane 
from  Gibraltar,  along  the  Algerian  coast,  through  the  Strait  of  Sicily 
and  on  to  the  eastern  Mediterranean.  Historically,  and  perhaps  in  the 
future,  the  ship  density  on  the  shipping  lane  depends  on  whether  or  not 
the  Suez  Canal  is  open.  The  lane  fron  Gibraltar  to  Suez  is  about  1800 
miles  long  and  is  estimated  to  contain  330  ships  with  the  canal  oper- 
and about  150  ships  with  it  closed.  Of  the  order  of  100  to  120  ships 
per  day  pass  through  the  Strait  of  Gibraltar  which,  on  an  evenly  spaced 
basis,  is  one  every  12  to  15  minutes. 


ter 


(U)  As  a result  of  all  this  traffic,  the  noise  level  in  the 

Mediterranean  is  significantly  higher  at  the  lew  frequencies  (1000  Ez 
and  below)  than  almost  anywhere  else  in  the  oceans.  Furthermore,  the 
bulk  of  the  ship  traffic  is  sufficiently  local  that,  since  most  distances 
between  ports  are  very  short,  it  can  change  significantly  over  a very 
short  period  of  time.  Some  general  characteristics  of  shipping  in  the 
Mediterranean,  including  noise  data,  are  given  in  table  2.5-1. 
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TABLE  2.5-1 


GENERAL  STATISTICS  OS  SHIPPING  IN  THE 
MEDITERRANEAN  SEA  (KELLER  AND  WEINSTEIN,  1971)  (D) 


Total  Number  of  Ships  in  the  Mediterranean, 
1 June  1967 


Average  Number  of  Transits  through  Gibraltar, 
(1963-1965) 


157  snips/day 


Average  Ships  Tonnage  (Gibraltar) 

Average  Ships  Length  (Gibraltar) 

Average  Draft  (Gibraltar) 

Average  Draft  (Lloyd’s  Register) 

Average  Ship  Speed  (Gibraltar) 

Average  Spectra]  Noise  Level  of  a 15  knot 
Ship  of  500  ft.  Length  at  80  Hz 


50C0  tons 
500  ft. 

28  ft. 

16  ft. 

15  knots 


320  Hz 
1000  Hz 


157  dB//luPa  § 1 yd 
150  dB//lyPa  g 1 yd 
137  dB//lyPa  8 1 yd 
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(C)  Although  it  is  evident  that  shipping  is  core  dense  in  the 

Mediterranean  than  in  cost  other  ocean  areas,  no  reliable  data  on 
Mediterranean  shipping  density  are  available.  A major  effort  was 
cade  in  1967  to  obtain  a complete  picture  of  all  ship  pjsitions  in  the 
Mediterranean  on  a single  date,  to  coincide  with  a NATO  -worldwide 
analysis  of  shipping.  While  this  effort  was  successful,  the  subsequent 
closing  of  the  Suez  Canal  has  caused  codifications  to  the  traffic 
patterns  and  shipping  density  in  the  Mediterranean. 

(U)  The  estimated  number  of  ships  in  each  one-degree  square, 

obtained  f ron  the  1967  effort,  is  shown  in  figure  2.5—1,  adapted  from 
Keller  and  Weinstein  (1971) . No  data  are  presented  in  the  figure  for 
the  Adriatic  and  Aegean  basins.  Other  blank  areas  indicate  absence  of 
shipping  at  the  time  of  the  observation. 

(C)  No  comparable  effort  has  been  nade  since  the  closing  of  the 
Suez  Canal.  Keller  and  Weinstein  (1971)  have  estimated  the  shipping 
density  for  a day  in  June  1968,  to  reflect  the  change  created  by  the 
blocking  of  Suez.  Data  regarding  the  number  of  ships  transiting  the 
Suez  Canal  were  applied  to  the  196?  observations  to  arrive  at  this 
1968  estimate.  The  estimated  density  with  the  canal  blocked  is  shown 
in  figure  2.5-2. 

(D)  The  shipping  data  presently  used  in  the  Fleet  ASW  prediction  models 
(with  tha  Suez  Canal  closed)  are  based  on  the  NATO  study,  as  well  as  on  data 
from  the  World  Meteorological  Organization  (WMO)  and  free  Automated  Marine 
International  (AMI).  These  data  are  presented  in  figures  2.5-3  through 
2.5-8  by  the  month  (Wolff,  1974).  The  figures  show,  for  a particular  month, 
the  average  number  of  ships  that  would  be  expected  in  each  one-degree  square, 
if  a series  of  "snapshots"  of  the  Mediterranean  were  taken  during  the  month 
in  question.  Note  the  increase  in  the  average  shipping  density  over  the 
1967  data.  This  is  reflected  in  an  increase  in  measured  ambient  noise  dur- 
ing this  period  (cf  section  3.3.2). 

(D)  Except  for  the  track,  described  earlier,  from  Gibraltar  to  the 

eastern  Mediterranean,  shipping  in  the  Mediterranean  does  not  follow 
well-defined,  narrow  lanes  (Solomon,  1974).  In  the  western  part,  between 
Gibraltar  and  Sicily,  traffic  flows  both  in  the  north-south  and  east-west 
directions,  and  the  shipping  distribution  outside  the  southern  track  is 
relatively  random.  East  of  Sicily,  the  east-vest  traffic  follows  two 
broad  and  poorly-defined  tracks.  These  are  a northern  route,  leading  toward 
the  Aegean  and  Turkey,  and  a southern  route,  leading  toward  Alexandria  and 
the  Levantine  coast. 
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3.0(C)  MEDITERRANEAN  SEA  ACOUSTICS  (U) 

(U)  This  section  describes  the  acoustic  characteristics  of  the 

Mediterranean.  The  influence  of  the  environmental  factors  of  section 
2.0  upon  the  acoustics  is  discussed  where  applicable.  The  major  topics 
addressed  in  this  section  consist  of  the  following: 

• Sound  velocity  structure  (3.1) 

• Sound  transmission  (3.2) 

• Ambient  noise  (3.3) 

For  ready  reference,  the  terms  used  in  the  discussion  are  defined  in 
table  3.0-1  and  figure  3.0-1. 

3.1(C)  Sound  Velocity  Structure  (U) 


(U)  In  the  following  sub-sections,  the  generalized  sound  velocity 

structure  of  the  Mediterranean  Sea  is  described  in  terms  of  representa- 
tive sound  velocity  profiles  for  Mediterranean  ASW  prediction  areas; 
sound  velocity  cross-sections;  average  a real  contours  of  the  depth  of 
the  deep  sound  channel  (DSC)  axis,  the  axial  velocity  and  critical  depth; 
regions  of  depth  excess  and  depth  difference;  and  average  a real  contours 
of  sonic  layer  depth  (SLD).  These  quantities  are  defined  in  table  3.1-1. 
Because  of  a delay  in  seeing  effects  of  the  weather  on  the  velocity 
structure  in  December  and  June,  the  four  standard  seasons  of  winter 
(January  through  March),  spring  (April  through  June),  stunner  (July  through 
September)  and  autumn  (October  through  December)  were  used  in  these 
analyses  as  contrasted  to  the  definition  of  seasons  in  section  2.  However, 
due  to  the  high  variability  during  the  transition  seasons  (spring  and 
autumn)  most  of  these  analyses  are  depicted  only  for  the  two  extreme 
seasons  of  winter  and  summer.  The  data  base  used  in  all  analyses  was 
the  Acoustic  Environmental  Support  Detachment  (AESD)  data  bank,  which 
includes  Nansen  cast,  salinity- temperature-depth  (STD)  and  sound  velocity/ 
salinity-temperature-depth  (SV/ STD)  data  processed  by  the  National 
Oceanographic  Data  Center  (NODC)  as  of  September,  1972.  These  data  were 
supplemented  by  additional  data  of  several  types  that  are  listed  in  the 
LRAPP  Mediterranean  Data  Catalog  (Tracor,  1974). 

(C)  All  sound  velocities  used  in  the  above  analyses  are  based  on 

the  equation  of  Wilson  (1960),  although  it  is  not  the  most  accurate 
equation  for  Mediterranean  Sea  sound  velocity  calculations.  According 
to  Anderson  (1971),  sound  velocities  derived  from  Wilson's  equation  are 
consistently  higher  than  measured  sound  velocities  in  the  Mediterranean 
Sea,  particularly  at  depths  greater  than  1000  m.  In  this  same  paper, 
Anderson  has  developed  a second-degree  polynomial  equation  that  more 
accurately  represents  measured  sound  velocities  in  the  Mediterranean 
(referred  to  as  the  NUC  equation  In  following  discussions).  Table  3.1-1 
compares  values  calculated  using  the  Wilson  and  NUC  equations  in  the  four 
major  'lediterranean  basins. 
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TABLE  3.0-1  (U) 

GLOSSARY  (U) 


Sound  velocity  profile  - The  variation  of  sound  velocity  with  depth. 

Surface  layer  - This  is  the  layer  of  water  just  below  the  sea  surface 
in  which  the  velocity  of  sound  is  susceptible  to  changes  produced  by 
heating,  cooling  and  wave  action  (wind).  It  nay  contain  a layer  of 
isothermal  water  that  is  formed  by  convection  and  wind  action.  In  this 
case,  there  Is  a positive  sound  velocity  gradient  due  to  pressure. 

Under  prolonged  calm  and  sunny  conditions,  this  nixed  layer  disappears 
and  is  replaced  with  water  in  which  the  temperature  decreases  with 
depth.  In  this  case,  the  sound  velocity  gradient  is  negative. 

Seasonal  thermo dine  - This  is  the  layer  of  water  beneath  the  surface 
layer  in  which  the  temperature,  and  hence  the  sound  velocity,  decreases 
with  depth  but  varies  with  the  seasons. 

Main  theroocline  - This  is  the  layer  of  water  beneath  the  seasonal  ther- 
mocline  in  which  the  temperature,  and  hence  the  sound  velocity,  decreases 
with  depth  but  is  affected  only  slightly  by  seasonal  changes. 

Deep  isothermal  layer  - This  is  the  layer  of  water  beneath  the  main 
thennocline  and  extending  to  the  botton  which  has  a nearly  constant 
temperature  (13°C)  and  in  which  the  velocity  of  sound  increases  with 
depth  due  to  the  pressure  effect.  In  winter  in  certain  regions,  the 
isothermal  layer  can  extend  all  the  way  to  the  surface. 

Sound  channel  axis  - Between  the  negative  velocity  gradient  of  the  mar  a 
theroocline  and  the  positive  gradient  of  the  deep  isothermal  layer,  a 
velocity  minimum  exists.  Sound  traveling  above  or  below  this  velocity 
minimus  tends  to  be  bent  toward  it  by  refraction,  so  that  it  becomes 
trapped  in  a channel,  called  the  deep  sound  channel,  and  the  location 
of  the  velocity  minimum  is  called  the  axis  of  the  sound  channel. 

Critical  depth  - This  is  the  depth  at  which  the  sound  velocity  in  the 
deep  isothermal  layer  (deep  positive  gradient)  becomes  equal  to  the 
near  surface  sound  velocity. 

Depth  excess  - Depth  excess  is  the  difference  between  the  bottom  depth 
and  critical  depth  when  the  bottom  is  deeper  than  the  critical  depth. 

Depth  difference  - Depth  difference  is  the  difference  between  critical 
depth  and  bottom  depth  when  the  botton  Is  shoaler  than  critical  depth. 
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Surface  layer  depth  - This  is  the  depth  of  the  surface  layer  (depth  to 
the  seasonal  theroocline)  and  exists  only  when  the  sound  velocity 
gradient  is  positive  in  the  surface  layer. 

Surface  Juct  - For  a positive  gradient  in  the  surface  layer,  sound 
traveling  in  the  layer  is  bent  upwards  toward  the  surface  velocity 
minimum  ana  tends  to  become  trapped  in  the  surface  layer,  thus  forming 
a duct  or  channel. 


Convergence  zone  - For  a source  in  the  surface  layer  and  a velocity 
structure  as  shown  in  figure  3.0-1,  the  ray,  labeled  (1)  and  called 
the  split  ray,  is  partially  trapped  in  the  surface  duct  and  partially 
refracted  by  the  deep  positive  gradient  back  to  the  surface.  This  ray 
becomes  horizontal  at  the  critical  depth  and  is  called  the  limiting 
ray.  Rays  with  slightly  steeper  depression  angles  are  also  refracted 
back  to  the  surface  and  intercept  it  at  closer  ranges.  As  the  depression 
angle  increases  further,  the  corresponding  rays  intercept  the  surface 
at  increasing  ranges,  thus  resweeping  the  area  insonified  by  the  rays  with 
smaller  depression  angles.  This  phenomenon  of  focusing  is  called  a con- 
vergence zone.  For  some  depression  angle,  a ray  will  become  grazing  to  the 
bottom.  A full  convergence  zone  is  formed  only  Wien  the  bottom  is  deep 
enough  for  the  bottom  grazing  ray  to  intercept  the  surface  at  or  beyond 
the  split  ray,  1. 


Caustic  - Wien  representing  sound  propagation  in  terms  of  rays,  a surface 
that  defines  the  envelope  formed  by  the  intersections  of  adjacent  rays 
is  called  a caustic.  At  a caustic,  a focusing  of  the  rays  occurs, 
bringing  together  all  the  rays  emitted  within  some  solid  angle  from  the 
source,  and  creating  an  abnormally  high  intensity.  Ray  theory  is  inade- 
quate for  calculating  the  intensity  at  a caustic,  because  ray  theory 
predicts  an  infinite  energy  density  when  the  cross-section  o'  a ray 
bundle  becomes  zero.  A convergence  zone  is  a caustic  that  c.curs  at  or 
near  the  surface. 


RSR  - This  is  a propagation  path  involving  refraction  at  depth  and  a 
surface  reflection. 

RR  - This  is  a propagation  path  formed  by  pure  refraction,  with  no  surface 
or  bottom  interaction. 
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TABLE  3.1-1  (C) 

COMPARISON  OF  WILSON  AND  NUC  SOUND  VELOCITIES 
FOR  MAJOR  MEDITERRANEAN  BASINS  (U) 


ALGERIAN  BASIN 


TYRRHENIAN  BASIN 


Depth 

(m) 

Wilson 

NUC 

Difference 

(m/sec) 

Depth 

On) 

Wilson 

NUC 

Difference 
(m/  sec) 

1000 

1521.5 

1520.6 

0.9 

1000 

1523.1 

1521.9 

1.2 

1500 

1529.9 

1528.8 

1.1 

1500 

1530.8 

1529.6 

1.2 

2000 

1538.5 

1537.2 

1.3 

2000 

1539.0 

1537.7 

1.3 

2500 

1547.1 

1545.8 

1.3 

2500 

1547.5 

1546.0 

1.5 

IONIAN  BASIN 

LEVANTINE  BASIN 

Depth 

(m) 

WLlson 

NUC 

Difference 

(m/sec) 

Depth 

Cm) 

Wilson 

NUC 

Difference 
(m / sec) 

1000 

1524.3 

1523.4 

0.9 

1000 

1524.2 

1523.1 

1.1 

1500 

1532.5 

1531.4 

1.1 

1500 

1532.4 

1531.3 

1.1 

2000 

1540.9 

1539.6 

1.3 

2000 

1540.9 

1539.6 

1.3 

2500 

1549.4 

1547.9 

1.5 

2500 

1549.6 

1548.1 

1.5 

3000 

1558.1 

1556.3 

1.8 

3000 

1558.3 

1556.7 

1.6 

4000 

1575.7 

1573.6 

2.1 

4000 

1576.1 

1574.4 

1.7 

NOTES: 


• Sound  velocities  in  m/sec 

• Wilson  values  from  AESD  5°  square  averages 

• NUC  values  taken  from  Anderson  (1971) 
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(C)  Despite  the  inadequacies  of  Wilson’s  equation,  this  equation 

i : the  basis  for  all  of  the  sound  velocity  profiles  contained  in  the 
A£SD  data  bank,  and  was  therefore  retained.  Supplemental  measured 
sound  velocity  data  (such  as  that  from  exercises  and  programs  like  MGS, 
IMP,  IOMED,  TASSRAP  and  DECK? LATE)  were  used  only  to  a na^mw  depth  of 
500  a.  Beyond  500  m depth,  temporal  and  spatial  sound  velocity  vari- 
ability generally  masks  differences  between  calculated  and  measured 
sound  velocities.  One  of  the  principal  problems  in  using  the  Wilson 
rather  than  the  NUC  equation  occurs  in  the  calculation  of  critical  depths. 
Critical  depths  based  on  deep  sound  velocity  gradients  calculated  from 
Wilson's  equation  can  be  up  to  100  m shoaler  than  those  based  on  the  NUC 
equation  or  measured  gradients.  This  maximum  error  generally  falls 
within  the  standard  deviation  of  average  critical  depths  for  both  winter 
and  summer  (see  section  3.1.4).  However,  since  Wilson's  equation  gives 
erroneous  deep  sound  velocity  gradients,  use  of  this  equation  might  lead 
to  significant  errors  in  acoustic  propagation  loss  calculations. 


(0)  As  previously  discussed  in  section  2.3.1,  two  major  water 

masses  are  circulated  throughout  the  Mediterranean  Sea;  Atlantic  Water 
in  the  near-surface  layers  and  LIW  at  depths  between  about  200  and 
1000  m.  The  characteristics  of  these  two  circulation  patterns  lead  to 
much  higher  temperatures  and  salinities  in  the  eastern  Mediterranean 
Sea.  Figure  3.1.1  shows  the  spatial  variability  of  sound  velocity  between 
major  Mediterranean  basins  during  the  extreme  seasons  of  summer  and 
winter,  based  on  selected  sound  velocity  profiles  presented  in  section 
2.2.1.  The  higher  sound  velocities  during  both  seasons  in  the  Ionian 
Sea,  Levantine  Basin,  and  Sea  of  Crete  are  a direct  result  of  higher 
temperatures  and  salinities  found  east  of  the  Strait  of  Sicily.  The 
three  distinct  deep  sound  velocity  gradients  shown  in  figure  3.1-1  in 
the  western  Mediterranean,  eastern  Mediterranean,  and  Sea  of  Crete 
correspond  to  the  discrete  bottom  water  masses  encountered  in  these  same 
regions  (see  figure  2. 2.1-1).  In  addition,  the  deep  sound  velocity 
gradient  in  the  Tyrrhenian  Sea  is  distinct  from  that  in  the  Algerian 
Basin  due  to  the  somewhat  higher  temperatures  and  salinities  encountered 
in  the  Tyrrhenian  Basin. 

(D)  Atlantic  Water  does  not  markedly  affect  sound  velocity  structures 

in  most  of  the  Mediterranean,  since  it  is  imbedded  in  the  seasonal 
tnermocline  during  summer,  and  is  markedly  modified  by  surface  cooling 
during  winter.  However,  in  the  region  just  east  of  the  Strait  of  Gibraltar, 
Atlantic  Water  Is  responsible  for  the  formation  of  a deep  sound  channel 
(DSC)  during  winter.  This  feature  generally  is  not  found  in  the  western 
Mediterranean  Sea  during  winter  due  to  extreme  surface  cooling  effects 
(see  further  discussion  in  sections  3.1.2  and  3.1.3).  In  addition, 

Atlantic  Water  can  cause  the  formation  of  secondary  sound  channels  above 
the  DSC  axis,  particularly  in  the  western  Mediterranean  and  in  regions  of 
strong  Atlantic  Water  flow. 
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(a)  LIW  has  a somewhat  greater  effect  on  sound  velocity  structures, 

particularly  in  the  Levantine  Basin  and  Sea  of  Crete  (sec  figures 

2.2.1— 12,  -13,  and  -14),  In  these  regions  the  DSC  axis,  when  present, 
occurs  either  at  or  immediately  below  the  depth  of  the  LIW  high-salinity 
core.  In  these  cases,  high-salinity  LIW  can  induce  the  formation  of 
secondary  sound  channels  above  the  depth  of  the  DSC  axis  (see  figure 

2.2.1- 14).  Throughout  the  remainder  of  the  Mediterranean,  LIW  can  cause 
the  DSC  axis.  However,  throughout  the  western  Mediterranean  and  the 
northern  parts  of  the  eastern  Mediterranean  Sea,  the  depth  of  the  DSC 
axis  generally  corresponds  to  the  maximum  depth  of  summer  warming  and  is 
independent  of  LIW  effects. 

3.1.1(C)  Sound  Velocity  Profiles  for  ASW  Prediction  Areas  (U),  Figure 
1.0-1  shows  the  location  of  Mediterranean  ASW  prediction  areas  and  is 
directly  based  on  NAVOCEANO  Chart  NA8  p.  2401.  This  chart  depicts 
various  physiographic  areas  and  assigns  cc  them  bottom  loss  categories, 
mean  depths  and  mean  deeps.  However,  the  ASW  prediction  areas  outlined 
in  figure  1.0-1  are  not  based  on  any  sound  velocity  analyses,  but  rather 
only  on  generalized  patterns  of  sea  surface  temperature.  Figure  3. 1.1-1 
shows  the  locations  of  regions  with  distinct  representative  sound  velocity 
profiles.  The  boundaries  of  these  regions  have  been  drawn  to  agree  with 
those  shown  in  figure  1.0-1,  with  the  following  general  exceptions:  many 

of  the  ASW  prediction  areas  have  been  broken  into  two  or  three  separate 
sound  velocity  regions  (e.g. , area  173  has  been  split  into  regions  173A, 

17 3B,  and  173C);  three  sound  velocity  regions  have  been  formed  by  com- 
bining two  ASW  prediction  areas  each  (i.e. , 140-141,  152-153,  and  154-155); 
and  the  northernmost  sections  of  ASW  prediction  areas  142,  144,  and  146 
have  been  combined  to  form  a sound  velocity  region  typical  for  the  Ligurian 
Sea  (i.e.,  region  144C).  Representative  seasonal  sound  velocity  profiles 
for  each  of  the  regions  shown  in  figure  3. 1.1-1  are  presented  as  figures 
Al-1  through  Al-59  in  Appendix  1.  In  many  of  these  regions,  sound  velocity 
profiles  were  not  available  for  one  or  more  seasons.  All  sound  velocity 
profiles  have  been  extended  either  to  the  mean  deep  bottom  depth  (as  given 
on  NAVOCEANO  Chart  NA8  p 2401)  or  to  an  appropriate  regional  bottom  depth. 
In  either  case,  bottom  depths  were  corrected  using  the  tables  of  Matthews 
(1939). 

(C)  Most  of  the  sound  velocity  profiles  shown  in  Appendix  1 (figures 

Al-1  through  Al-59)  are  "representative"  or  "model"  profiles  for 
Mediterranean  Sea  two-degree  squares  as  selected  by  the  AESD  sound  speed 
profile  retrieval  system  (Audet  and  Vega,  1974).  Therefore,  these  profile* 
are  core  or  less  typical  of  seasonal  oceanographic  conditions  in  given  two- 
degree  squares.  Since  two-degree  squares  rnly  roughly  approximate 
Mediterranean  ASW  prediction  areas,  and  since  the  boundaries  of  these 
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areas  (figure  l.C-1)  were  purposefully  maintained  to  the  maximum 
degree  possible  in  circumscribing  the  regions  depicted  in  figure 
3. 1.1-1,  a seasonal  profile  in  any  given  sound  velocity  region  may  not 
differ  markedly  from  a profile  for  the  same  season  in  an  1 mediately 
adjacent  region.  However,  the  overall  annual  variation  in  sound 
velocity  within  a given  region  (i.e.,  the  composite  of  the  four  seasonal 
profiles)  is  always  significantly  different  from  that  observed  in 
adjacent  regions. 


3.1.2(C)  Sound  Velocity  Cross-sections  (0).  Figure  3. 1.2-1  shows  the 
locations  of  five  pairs  of  sound  velocity  cross-sections  constructed 
to  represent  conditions  during  the  extreme  seasons  of  winter  and  summer, 
plus  a single  summer  cross-section  along  the  major  axis  of  the  Strait 
of  Sicily.  These  11  cross-sections  are  shown  in  figures  3. 1.2-2  through 
3.1.2-12.  Each  cross-section  consists  of  a series  of  sound  velocity 
profiles  plotted  at  their  position  of  observation,  plus  a generalized 
profile  of  bottom  topography.  The  depth  of  the  DSC  axis  and  the  critical 
depth  are  identified  on  each  cross-section.  The  values  of  axial  depth, 
sound  velocity  at  the  DSC  axis,  and  critical  depth  shown  in  the  cross- 
sections  may  differ  from  those  given  in  sections  3.1.3  and  3.1.4,  since 
the  latter  represent  average  values.  Many  of  the  sound  velocity  pro- 
files have  been  extended  below  the  maximum  depth  of  observation  using 
nearby  historical  deep  sound  velocity  gradients.  Since  there  is  a 
horizontal  offset  between  the  bottomof  each  sound  velocity  profile  and 
its  position  of  observation,  many  profiles  extend  into  the  apparent 
hottc-.  Most  profiles  have  been  extrapolated  to  the  actual  corrected 
bottom  depth  at  the  position  of  observation. 

(C)  Figures  3. 1.2-2  and  3.1. 2-3  show  the  vertical  sound  velocity 

structure  for  winter  and  summer  along  a line  extending  from  the  Strait 
of  Gibraltar  across  the  southern  Algerian  Basin  and  through  the  Strait 
of  Sardinia  into  the  Tyrrhenian  Sea.  In  response  to  intensive  surface 
cooling  during  winter  (figure  3. 1.2-2),  positive  sound  velocity  gradients 
are  found  throughout  cost  of  the  southern  Algerian  Basin  and  Tyrrhenian 
Sea.  This  creates  a situation  where  the  bottom  does  not  limit  sound 
propagation  (i.e.,  where  the  entire  water  column  responds  like  a surface 
duct).  Exceptions  to  this  situation  are  found  In  two  regions:  between 

the  Strait  of  Gibraltar  and  ao>ut  3°W,  and  between  about  0°  and  5°E. 

However  in  both  regions,  depth  excess  Is  adequate  for  convergence  zone 
propagation.  During  summer  (figure  3. 1.2-3),  a continuous  DSC  axis  is 
found  throughout  the  western  Mediterranean.  The  depth  of  the  DSC  axis 
varies  between  about  50  and  200  m,  and  Is  generally  shoaler  in  the  Tyrrhenian 
Sea.  The  sound  velocity  at  the  DSC  axis  varies  between  1507  and  1509  m/sec, 
and  is  generally  less  in  the  Alb  or  an  Sea.  Critical  depth  along  this  cross- 
section  varies  between  about  1150  and  1850  m and  is  greatest  at  about  5°E. 
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Figure  3.1. 2-3.  Wesc-East  Sound  Velocity 
Cross-section  ir.  Western  Mediterranean 
for  Sinner,  July- September 
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Hcw-jver,  depth  excess  probably  is  adequate  for  convergence  zone  trans- 
mission throughout  nest  of  the  southern  Algerian  and  Tyrrhenian  Basins 
during  summer.  Sonic  layers  occur  only  sporadically  during  simmer  in 
the  vestern  Mediterranean  and  do  not  permit  reliable  surface  duct  pro- 
pagation. During  simmer,  spurious  secondary  sound  channels  above  the 
depth  of  the  DSC  axis  are  encountered  throughout  much  of  the  southern 
Algerian  Basin.  These  features  are  caused  by  inflowing  Atlantic  Water 
and  cay  be  locally  significant  in  detecting  a shallow  target. 

(C)  Figures  3. 1.2-4  and  3. 1.2-5  depict  winter  and  summer  sound 

velocity  cross-sections  along  6°E  between  Algeria  and  southern  Fiance. 
During  winter  (figure  3. 1.2-4).  positive  sound  velocity  gradients  are 
found  along  this  entire  cross-section,  creating  a situation  where  the 
sound  channel  is  at  the  surface  and  the  bottom  does  not  limit  sound 
propagation.  During  summer  (figure  3. 1.2-5),  surface  insolation  creates 
a DSC  at  about  100  n depth.  Sound  velocities  at  the  DSC  axis  vary  from 
about  1509  n/sec  in  the  south  to  less  than  1507  n/sec  at  the  northern 
end  of  “he  Algerian  Basin.  Critical  depth  shoals  to  the  north  and 
allows  a.-ple  dc~»th  excess  for  convergence  zone  propagation.  During  sutreer, 
f surface  duct  is  absent  over  most  of  this  track. 

(C)  ligure  3. 1.2-6  shows  a turner  sound  velocity  cross-section 

along  the  ma~or  axis  of  the  Strait  of  Sicily  that  extends  from  the 
re  *aern  tip  of  Sardinia  into  the  Ionian  Sea.  Sound  velocity  structures 
in  tne  Strait  of  Sicily  are  extremely  variable  due  to  intensive  nixing 
in  rhti  near-surface  layer  and  to  a pronounced  northwest  setting  flew 
of  LIW  at  intermediate  depths.  At  a range  of  about  350  nn  fron  the 
southern  Lip  of  Sardinia,  surface  scund  velocities  increase  to  greater 
than  1540  n/sec.  This  range  Tay  demark  the  position  of  the  Malta  Front. 
Both  the  sound  velocity  at  the  DSC  axis  and  the  axial  depth  are  less  along 
the  first  300  nm  of  figure  3. 1.2-6  (i.e.,  northwest  of  the  suspected 
position  of  the  Malta  Freer).  This  front  separates  the  cooler,  less 
saline  waters  of  the  western  Mediterranean  from  the  warmer,  more  saline 
waters  of  *he  Ionian  Sea.  The  shallow  topography  of  the  Strait  of  Sicily 
precludes  convergence  zone  transmission  during  summer.  Surface  ducts 
are  extremely  sporadic  during  summer  in  the  Strait  cf  Sicily,  eliminating 
this  mode  of  round  propagation. 

(C)  Figures  3. 1.2-7  and  3. 1.2-3  depict  winter  and  summer  sound 

velocity  cross-sections  along  34°u  in  the  eastern  Mediterranean  Sea. 

During  winter  (figure  3. 1.2-7),  r.o  persistent  DSC  axis  exists  along  34°S. 

In  the  Gulf  of  Gabes,  between  about  lv°  and  23°E,  and  again  between  about 
23°  and  32CE,  positive  sound  velocity  gradients  extend  from  the  sea  surface 
to  the  bottom  creating  a situation  where  the  entire  water  column  acts  like 
a rut  face  duct  and  bottom  topography  does  not  limit  sound  propagation. 
Hovevur,  transient  DSC  structures  night  occur  during  any  given  winter 
(see  figures  3. 1.3-1  through  3. 1.3-3,  below),  depending  on  wind  and 


117 

CONFIDENTIAL 


^tx9 err*  arc* 


-A  M 


r-rm*  ■rn-rh" 


CONFIDENTIAL 


, t 


weather  conditions.  Water  depth  is  more  than  adequate  for  RSR  propaga- 
tion throughout  most  of  the  eastern  Mediterranean  during  winter.  During 
simmer  (figure  3. 1.2-8),  a DSC  axis  is  found  at  depths  that  vary  between 
about  100  m in  the  Gulf  of  Gabes  to  about  500  m in  the  eastern  Levantine 
Basin.  The  sound  velocity  at  the  DSC  axis  increases  to  the  east  from 
less  than  1515  m/sec  in  the  Gulf  of  Gabes  Lo  about  1519  m/sec  near 
Eratosthenes  Tablemount.  In  the  Ionian  Sea  (Sicilian  Basin),  depth 
excess  is  adequate  for  convergence  zone  propagation  during  summer. 
However,  the  shoaler  botton  topography  of  the  Levantine  Basin  limits 
depth  excess  to  generally  less  than  100C  m.  An  extremely  shallow  sonic 
layer  (less  than  20  m deep)  can  be  found  in  the  eastern  Mediterranean 
during  summer.  However,  this  feature  is  too  sporadic  and  ill  defined 
to  produce  a reliable  surface  duct.  During  simmer,  secondary  sound 
channels  above  the  depth  of  the  DSC  axis  are  found  east  of  about  30°E. 
These  channels  could  permit  short-range  detection  of  a target  at  the 
depth  of  the  channel. 


(C)  Figures  3. 1.2-9  and  3.1.2-10  present  winter  and  summer  sound 

velocity  cross-sections  along  19°E  that  extend  north  from  the  Gulf  of 
Sidra  across  the  Strait  of  Otranto  into  the  Adriatic  Sea.  During  winter 
(figure  3.1. 2-9),  DSC  structures  are  present  only  in  the  Gulf  of  Sidra 
and  the  Strait  of  Otranto.  The  farmer  are  caused  by  warmer  near-surface 
conditions  off  the  Libyan  coast,  and  the  latter  by  mixing.  Over  the 
remainder  of  the  cross-section,  surface  cooling  causes  semi-permanent 
positive  sound  velocity  gradients  that  extend  from  the  sea  surface  to 
the  bottom.  During  summer  (figure  3.1.2-10),  a DSC  is  found  at  depths 
that  vary  from  about  250  n in  the  south  to  about  50  n in  the  Adriatic 
Sea.  Sound  velocities  at  the  DSC  axis  generally  decrease  to  the  north 
from  about  1514  a/sec  in  the  Gulf  of  Sidra  to  about  1511  m/sec  in  the 
Straits  of  Otranto.  However,  north  of  about  40°G,  the  sound  velocity 
at  the  DSC  axis  is  less  than  1509  m/sec  due  to  the  lower  temperatures 
and  salinities  in  the  Adriatic  Sea.  Over  the  Sicilian  Basin,  depth 
excess  is  adequate  for  convergence  zone  propagation  during  summer.  In 
addition,  a shallow,  sporadic  sonic  layer  is  present  throughout  most  of 
the  Ionian  Sea  that  could  permit  some  surface  duct  propagation. 


(C)  Figures  3.1.2-11  and  3.1.2-12  illustrate  the  vertical  sound 

velocity  structure  along  293E  in  the  Levantine  Basin  during  winter  and 
summer.  During  winter  (figure  3.1.2-11),  positive  sound  velocity  gra- 
dients i -.cur  over  the  crest  of  the  Mediterranean  Ridge.  Such  features 
are  not  apparent  in  the  average  DSC  statistics  for  winter  (figures 
3- 1.3-1  and  3. 1.3-2,  below),  indicating  that  they  may  be  transient  in 
nature.  Surface  duct  and  RSR  propagation  are  ensured  along  29°E  during 
winter.  During  summer  (figure  3.1.2-12),  the  depth  of  the  DSC  axis 
generally  shoals  between  the  coast  of  Egypt  and  the  crest  of  the 
Mediterranean  Ridge,  but  then  deepens  to  about  350  m over  the  Rhodes 
Basin.  The  sound  velocity  at  the  DSC  axis  approaches  a maximum  of 
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1518  n/sec  at  about  33°N,  probably  In  response  to  the  presence  of  a 
core  of  high  salinity  LIW.  Depth  excess  is  adequate  for  the  formation 
of  convergence  zones  along  29°  E during  summer.  sn  ill— defined  surface 
duct  is  present  along  most  of  this  track,  out  is  not  strong  enough  for 
reliable  propagation. 

(0)  The  sound  velocity  cross-sections  shown  in  figures  3. 1.2-2 

through  3.1.2-12  portray  generalized  vertical  structures  only  for  the 
two  extreme  seasons  of  winter  and  summer.  During  the  transition  seasons 
of  spring  and  autumn,  the  upper  500  a of  the  water  column  is  subject  to 
short— period  changes  associated  with  rapid  warning  and  cooling.  Similar 
short— period  changes  could  also  occur  during  winter  and  summer  in  some 
regions,  causing  significant  changes  in  acoustic  propagation  conditions. 
For  this  reason,  the  propagation  patterns  presented  in  these  figures 
should  be  considered  representative  only  for  the  areas  depicted.  In 
addition,  many  of  the  sound  velocity  structures  in  the  Mediterranean 
are  sensitive  to  the  near— surface  environment,  and  can  be  drastically 
altered  by  anomalous  weather  conditions. 

3-1. 3 (U)  Deep  Sound  Channel  Axis  (D).  In  the  Mediterranean  Sea,  the 
depth  and  sound  velocity  of  the  DSC  axis  vary  with  season  (Fenner,  1968) 
in  response  to  surface  cooling  and  insolation.  However,  during  the 
transition  seasons  of  spring  and  autumn,  average  values  of  both  para- 
meters have  relatively  large  standard  deviations.  Therefore,  presenta- 
tions of  average  DSC  axial  depth  and  sound  velocity  are  shown  for  only 
the  two  extreme  seasons  of  winter  and  sinnaer,  along  with  their  respective 
standard  deviations  (figures  3. 1.3-1  through  3. 1.3-8).  During  spring 
and  autumn,  the  average  depth  of  the  DSC  axis  generally  lies  midway 
between  the  average  values  for  winter  and  summer  (Fenner,  1968). 

(H)  Figures  3. 1.3-1  and  3.1. 3-2  display  the  average  depth  of  the 

DSC  axis  and  its  standard  deviation  during  winter.  Figures  3.1. 3-3  and 
3.1. 3-4  present  similar  statistics  fcr  the  sound  velocity  at  the  DSC 
axis.  As  previously  noted,  no  DSC  is  evident  in  most  rf  the  western 
Mediterranean  and  in  the  northern  portions  of  the  eastern  Mediterranean 
during  winter . In  these  regions,  surface  cooling,  induced  by  strong 
northwesterly  winds,  destroys  the  seasonal  thermodine  present  during 
spring,  summer,  and  autumn.  This  in  turn  causes  the  formation  of  an 
essentially  positive  sound  velocity  gradient  that  extends  from  the  ocean 
surface  to  the  ocean  bottom.  However,  localized  warming  can  cause  the 
formation  of  transient  winter  DSC  structures,  particilarly  during  the 
month  of  January.  A DSC  is  present  throughout  winter  in  the  Alboran 
Sea  and  in  an  isolated  region  off  the  eastern  Algerian  coast,  probably 
due  to  the  effects  of  relatively  warm  Atlantic  Water  near  the  surface. 

In  the  southern  portions  of  the  eastern  Mediterranean,  (i.e. , the  southern 
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Ionian  Sea,  the  Levantine  Basin,  and  the  southeastern  Aegean  Sea),  a 
DSC  also  is  present  throughout  winter.  However,  such  a structure  can 
be  destroyed  by  extreme  near-surface  mixing.  Examples  of  the  absence 
of  a DSC  in  the  southern  Ionian  Sea  and  Levantine  Basin  were  given  in 
figures  3.1.2-7,  3.1.2-9,  and  3.1.2-11. 

(U)  .during  winter,  the  average  depth  of  the  DSC  axis  generally 

increases  ro  the  east  from  less  than  50  m in  the  region  near  Malta  to 
a depth  of  greater  than  400  m at  the  eastern  end  of  the  Mediterranean. 
However,  average  DSC  axial  depths  greater  than  400  m also  are  found  in 
isolated  pockets  off  the  Libyan  coast,  east  of  Rhodes,  3nd  in  the 
southeastern  Aegean  Sea.  The  average  sound  velocity  at  the  DSC  axis 
varies  from  less  than  1512  to  greater  than  1517  m/sec  in  a manner  similar 
to  that  observed  for  average  axial  depth.  The  isopleth  patterns  of  both 
parameters  suggest  a general  flow  to  the  east  emanating  from  the  region 
between  Rhodes  and  Cyprus.  According  to  Wusc  (1961),  high-salinity  LIW 
is  formed  in  this  same  region  during  winter.  The  average  DSC  axial 
depth  during  winter  displays  standard  deviations  that  vary  from  greater 
than  150  m to  less  -han  50  m,  but  generally  lie  between  50  and  100  m 
over  most  of  the  Levantine  Basin.  Standard  deviations  in  the  average 
sound  velocity  at  che  DSC  axis  vary  from  greater  than  1.5  to  less  than 
0.5  m/sec,  but  generally  lie  between  0.5  and  1.0  m/sec  over  most  of  the 
Levantine  Basin. 

(D)  Figures  3. 1.3-5  and  3. 1.3-6  show  the  average  depth  of  the 

DSC  axis  and  its  standard  deviation  for  s-jrner.  Figures  3. 1.3-7  and 
3.1. 3-8  present  similar  statistics  for  tba  sound  velocity  at  the  DSC  axis. 
During  summer,  a DSC  is  prisent  throughout  the  Mediterranean  except  in 
the  Gulf  of  Gabes  and  in  the  northern  half  of  the  Adriatic  Sea.  Both 
these  regions  are  too  shallow  for  the  formation  of  a DSC  during  summer. 

The  average  depth  of  the  DSC  axis  generally  increases  to  the  east  from 
less  than  100  m along  the  southern  coast  of  France  to  greater  than  400  m 
off  the  coast  of  Israel.  However,  the  average  depth  of  the  DSC  axis  also 
Is  less  than  100  m in  the  northwestern  Aegean  Sea.  This  anomaly  may  be 
related  to  low-salinity  water  flowing  out  of  the  Black  Sea  through  the 
Dardanelles.  The  average  sound  velocity  at  the  DSC  axis  also  increases 
to  the  east  from  less  than  1507  m/sec  north  of  the  Balearic  Islands  to 
greater  than  1517  m/sec  at  the  eastern  end  of  the  Mediterranean  Sea. 
However,  in  the  Aegean  Sea,  average  values  of  less  than  1512  m/sec  are 
found  off  tfca  coast  of  Greece  while  average  values  of  more  than  1518  m/sec 
are  found  off  the  coast  of  Turkey,  creating  a strong  northwest  to  southeast 
gradient.  Another  strong  gradient  occurs  across  the  Strait  of  Sicily, 
where  the  average  sound  velocity  at  the  DSC  axis  changes  by  about  6 m/sec 
over  a distance  of  about  150  nm.  This  gradient  is  caused  both  by  the 
Malta  Front  and  by  mixing  of  LIW  at  intermediate  depths,  Isopleth  patterns 
of  the  average  depth  and  sound  velocity  at  the  DSC  axis  suggest  a flow 
from  the  Levantine  Basin  through  the  Strait  of  Sicily  into  the  southern 
Algerian  Basin  similar  to  the  pattern  followed  by  high-salinity  LIW. 


127 

UNCLASSIFIED 


Sr 


UNCLASSIFIED 


/ r--  ^ -\  \ ° -^s. 

- ■ ',.  «.\;  ' “TO 


o p E 

-O  N'V 


-\y4 


Yb2- 

.3  (h  * 


n«‘iCN  "C-  • *>> 

0£i*  «•-*'.  ‘ iv^.  i.  - 


£ \ v£'*-S 


U:  r /r  l ‘ 

u 1/  y N~  X/ 


<dj 

Cl-/\ 

/ ! 
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Figure  3. 1.3-8.  Standard  Deviation  of  Average  Deep  Sound  Channel 
Axis  Sound  Velocity  for  Summer,  July-Stptember 
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(U)  Simmer  standard  deviations  in  the  average  depth  of  the  DSC 

axis  generally  lie  between  50  and  100  a,  and  are  somewhat  less  in  the 
Algerian  Basin.  Standard  deviations  in  the  average  axial  sound  velocity 
are  much  greater  than  those  of  average  DSC  axial  depth » and  vary  from 
more  than  7.0  m/sec  in  the  eastern  Aegean  Sea  to  less  then  0.5  m/i,ec  in 
both  the  Gulf  of  Sidra  and  aost  of  the  western  Mediterranean.  Since 
axial  sound  velocities  are  more  sensitive  to  water  masses  than  are  axial 
depths,  the  large  standard  deviations  apparert  in  the  axial  sound 
velocities  probably  reflect  either  water  mass  movements  or  actual  changes 
in  water  mass  types. 

3.1.4(U)  Critical  Depth  (D).  By  definition,  critical  depth  is  based  on 
both  the  maximum  sound  velocity  in  the  near-surface  layer  and  the  deep 
sound  velocity  gradient.  Since  sound  velocities  in  the  near-surface 
layer  are  subject  to  extreme  temporal  variability  (diurnal,  monthly, 
and  seasonal),  critical  depths  also  show  significant  temporal  variability 
and  associated  large  standard  deviations.  Figures  3. '.4-1  through 
3. 1.4-5  show  annual  critical  depth  curves  complete  with  monthly  standard 
deviations  for  the  Alboran  Sea,  central  Algerian  Basin,  Tyrrhenian  Sea, 
central  Ionian  Sea,  and  central  Levantine  Basin,  respectively.  Except 
fer  the  Alboran  Sea,  these  curves  show  a near-normal  distribution  of 
average  critical  depth  with  time,  but  also  show  significant  monthly 
standard  deviations.  The  near-normal  distributions  of  average  critical 
depth  versus  time  probably  are  caused  by  the  regularity  of  the  annual 
heating-cooling  cycle  in  major  Mediterranean  basins.  Near-normal  data 
distributions  are  particularly  evident  in  the  central  Algerian  Basin 
(figure  3. 1.4-2)  and  the  central  Ionian  Sea  (figure  3. 1.4-4).  Both  of 
these  regions  are  relatively  far  from  the  influence  of  a land  mass. 

In  the  landlocked  Alboran  Sea,  however  (figure  3. 1.4-1),  average  critical 
depths  observed  during  May  are  less  than  those  during  April,  and  average 
critical  depths  during  September  appear. to  be  less  than  those  for  October. 
This  is  a reversal  of  the  trends  usually  observed  during  spring  and  autunn. 
In  all  five  regions,  average  critical  depths  and  their  standard  devia- 
tions are  quite  variable  during  the  transition  seasons  of  spring  and 
autumn.  In  addition,  existing  oceanographic  data  have  poor  temporal 
and  spatial  distributions  curing  the  two  transition  seasons.  Therefore, 
contour  charts  of  average  critical  depth  were  constructed  only  for  the 
extreme  seasons  of  winter  and  summer. 

(D)  Figures  3. 1.4-6  and  3. 1.4-7  depict  the  average  critical  depth 

and  its  standard  deviation  for  winter.  In  the  hatched  regions  in 
these  two  figures,  there  is  no  DSC  structure  and  critical  depth  is  at 
the  surface.  Figures  3. 1.4-8  and  3. 1.4-9  show  the  same  parameters  for 
summer.  Since  both  critical  depth  and  the  bottom  are  highly  variable  in 
the  Mediterranean,  the  various  isopleths  in  figures  3. 1.4-6  through  3. 1.4-9 
are  shown  in  regions  where  the  bottom  is  shoaler  than  critical  depth 
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Figure  3. 1.4-1.  Annual  Critical  Depth 
Curve  for  Alboran  Sea 
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Curve  for  Central  Algerian  Basin 
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Figure  3. 1-4-3.  Annual  Critical  Depth 
Curve  for  Tyrrhenian  Sea 
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Fi jure  3.1. A-A.  Annual  Critical  Depth 
Curve  for  Central  Ionian  Sea 
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Figure  3. 1.4-8.  Average  Critical  Depth 
for  Surser,  July- September 


-\ 


igure  3.1.41-9.  Standard  Deviation  of  Average 
Critical  Depth  for  Sunner,  July-Septeeber 
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(i.e.,  regions  of  depth  difference)  as  well  as  in  depth  excess  regions. 

Depth  difference  and  depth  excess  regions  for  winter  and  suntaer  are 
identified  in  figures  3.1.4-10  and  3.1.4-11  respectively.* 

(D)  During  winter  (figure  3. 1.4-6),  surface  cooling  produces 

seal -permanent  positive  sound  velocity  gradients  throughout  most  of  the 
western  Mediterranean  and  in  northern  portions  of  the  eastern 
Mediterranean.  In  these  regions,  critical  depth  is  at  the  sea  surface 
and  propagation  is  not  bottom  limited-  However,  warmer  near-surface 
conditions  in  the  southern  Ionian  Sea.  Levantine  Basin,  and  southeastern 
Aegean  Sea  lead  to  the  formation  of  a DSC  and  result  in  average  critical 
depths  that  vary  from  less  than  400  n south  of  Peloponnesus  to  greater 
than  700  m at  the  eastern  end  of  the  Mediterranean  Sea.  An  isolated 
region  with  average  critical  depths  greater  than  700  m also  occurs  off 
the  Turkish  coast  in  the  southeastern  Aegean  Sea.  In  the  Alboran  Sea 
and  in  an  isolated  pocket  off  the  coast  of  eastern  Algeria,  relatively 
warn  Atlantic  Water  leads  to  a DSC  structure  and  average  critical  depths 
between  300  and  400  n during  winter.  Standard  deviations  in  average 
critical  depth  during  winter  (figure  3. 1.4-7)  vary  between  only  about 
100  and  200  n in  the  Levantine  Basin,  but  between  about  50  and  350  m in 
the  southern  Ionian  Sea.  In  the  Alboran  Sea,  standard  deviations  are 
about  100  a.  The  large  variation  in  standard  deviations  in  the  southern 
Ionian  Sea  is  partially  caused  by  the  Malta  Front,  but  also  is  a result 
of  rapid  changes  in  near-surface  cooling  throughout  this  region  (also 
see  figure  3. 1.4-4). 

(U)  During  summer  (figure  3. 1.4-8),  critical  depths  vary  from  less 

than  1500  n in  the  Gulf  of  Lion  to  greater  than  2300  m in  the  region 
east  of  Cyprus.  Critical  depths  less  th.  \ 1600  m are  found  in  the 
northern  ends  of  the  Algerian  Basin  and  Adriatic  Sea  and  in  the  north- 
eastern part  of  the  Aegean  Sea  off  the  Dardanelles.  Critical  depths 
greater  than  2000  n are  found  In  the  Gulf  of  Gabes,  Gulf  of  Sidra,  off  the 
Libyan  coast,  and  throughout  most  of  the  eastern  Levantine  Basin.  In  the 
Alboran  Sea,  critical  depths  are  somewhat  greater  than  1600  xa.  Standard 
deviations  in  average  summer  critical  depth  (figure  3. 1.4-9)  vary  fron 
generally  less  than  100  n in  the  eastern  Levantine  Basin  to  greater  than 
350  n in  the  western  Alboran  Sea.  Regions  with  standard  deviations  greater 
than  250  a occur  in  the  Ligurian  Sea,  the  Tyrrhenian  Sea,  and  the  north- 
western Aegean  Sea.  Generally,  standard  deviations  in  average  summer  crit- 
ical depth  are  greater  In  the  western  than  in  the  eastern  Mediterranean  Sea. 
This  is  due  partially  to  more  uniform  surface  insolation  in  the  eastern 
Mediterranean.  The  extremely  high  standard  deviations  in  the  western 
Alboran  Sea  (greater  than  350  n)  probably  are  caused  by  local  variability 
in  surface  insolation  and  fluctuations  in  the  Atlantic  Water  inflow 
(also  see  figure  3. 1.4-1).  However , standard  deviations  in  summer  average 

*7hese  figures  are  Inserted  in  the  envelope  bound  at  the  back  of  this 
volume. 
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critical  depth  also  reflect  the  monthly  distribution  of  data.  Generally 
speaking,  regions  with  high  percentages  of  August  (cid-sutmer)  data  have 
lover  standard  deviations  than  regions  with  preponderant  percentages  of 
July  and/or  September  data.  In  the  western  Mediterranean  Sea,  a high 
percentage  of  the  historical  observations  were  collected  during  the 
month  of  July,  whereas  in  the  eastern  Mediterranean  Sea,  a majority  were 
collected  during  August. 

3.1.5(C)  Depth  Excess  and  Depth  Difference  (D).  Figures  3.1.4—10  and 
3.1.4-11  depict  regions  shoaler  and  deeper  than  average  critical  depth 
for  winter  and  summer,  respectively.  Regions  shoaler  than  average  critical 
depth  are  regions  of  depth  difference.  Regions  where  the  ocean  bottom 
exceeds  critical  depth  are  regions  of  depth  excess.  As  a general  rule, 
more  than  400  m of  depth  excess  are  required  for  reliable  convergence 
zone  propagation  from  a near-surface  source.  Somewhat  more  depth  excess 
may  be  required  for  meaningful  long-range  RSR  propagation. 

(C)  During  winter  (figure  3.1.4-10),  the  majority  of  the  Mediterranean 

Sea  has  greater  than  1000  n of  depth  excess.  Exceptions  are  found  in  the 
Alboran  Sea,  in  the  Strait  of  Sicily,  and  along  the  continental  margin 
in  the  eastern  Mediterranean  Sea.  However,  in  most  of  the  western 
Mediterranean  and  northern  portions  of  the  eastern  Mediterranean  (i.e., 
northern  Ionian  Sea,  Adriatic  Sea,  and  most  of  the  Aegean  Sea)  a positive 
sound  velocity  gradient  occurs  between  surface  and  bottom,  permitting 
uninterrupted  RSR  propagation  with  little  bottom  interaction. 

(C)  During  summer  (figure  3.1.4-11),  warmer  near-surface  conditions 

result  in  considerable  regions  of  depth  difference  throughout  the 
Mediterranean  Sea.  These  regions  include  the  Alboran  Sea,  the  Balearic 
Plateau,  the  Strait  of  Sardinia,  much  of  the  Tyrrhenian  Sea,  the  Strait 
of  Sicily,  the  entire  Adriatic  and  Aegean  Seas,  portions  of  the  northern 
Ionian  Sea,  most  of  the  eastern  Levantine  Basin,  and  a substantial 
portion  of  the  Mediterranean  Ridge  between  about  22°  and  25°E.  In  these 
areas,  convergence  zone  propagation  is  severely  limited  or  interrupted 
by  the  bottom. 

(C)  Elsewhere  in  the  Mediterranean,  however,  large  regions  with 

400  to  1000  m of  depth  excess  occur  in  the  Algerian  Basin,  Tyrrhenian 
Sea,  Ionian  Sea,  and  western  Levantine  Basin.  During  summer,  RSR  propa- 
gation between  the  major  basins  of  the  Mediterranean  generally  Is  impeded 
by  regions  of  shallow  topography.  Within  the  four  major  deep  water  basins, 
however,  RSR  propagation  can  be  ’used  reliably  everywhere. 

3.1.6(U)  Sonic  Layer  Depth  (0).  Sonic  Laver  Depth  (SLD)  in  the  Mediterranean 
Sea  is  a function  of  surface  heating,  which  tends  to  reduce  the  SLD,  and 
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vertical  mixing  die  to  surface  cooling  and/or  wave  action,  which  drives 
the  SID  deeper.  In  winter  surface  cooling  and  strong  northwesterly 
winds  (tramontane,  bora,  mistral)  destroy  the  seasonal  thermo cline, 
thereby  forming  an  essentially  isothermal  and  isohaline  layer  to  the 
sea  floor.  Absence  of  a near  surface  sonic  maximum  (SID)  during  this 
period  creates  a situation  where  the  entire  water  column  acts  as  a 
surface  duct. 

(U'  The  advent  of  surface  heating  coupled  with  decreasing  winds 

ii  ' _g  permits  the  seasonal  thermo cline  to  reform.  As  surface 
he  increases,  a sound  speed  minimum  occurs  at  the  base  of  the 

new. _ xormed  thermocline,  thus  causing  an  in-layer  sound  channel  which 
persists  until  overwhelmed  in  the  autumn  as  the  thermocline  deepens. 
Continued  surface  heating  causes  surface  sound  speed  values  to  increase 
rapidly  until  they  become  greater  than  values  at  the  300  m level.  The 
transition  from  deep  to  shallow  SID  normally  occurs  between  mid-April  and 
mid-May.  SID  remains  at  or  near  the  surface  until  winter  cooling  and 
increasing  winds  eliminate  the  seasonal  thermocline. 

(U)  Seasonal  SID  charts  are  shown  in  figures  3. 1.6-1  through  3. 1.6-4, 

as  computed  from  expendable  bathythermograph  (XBT)  data  averaged  over 
one-degree  rectangles.  The  winter  chart  (figure  3. 1.6-1)  shows  the  effect 
of  cool,  dry  winds  from  continental  Europe.  Water  temperature  exceeds 
air  temperature  by  as  much  as  10°C,  causing  the  near  surface  layer  to  be 
dense  and  unstable  (Lacombe  and  Tehernia,  1971).  Thus  vertical  mixing 
occurs,  forming  a deep,  homogeneous  surface  layer  with  SID  deeper  than 
300  m in  the  northern  part  of  the  Western  Mediterranean  and  in  the 
Adriatic  Sea.  Relatively  shallow  SID  occurs  in  the  southern  half  of  the 
Strait  of  Gibraltar  owing  to  the  influx  of  Atlantic  waters.  Presence  of  a 
meridional  atmospheric  pressure  gradient  over  the  eastern  Mediterranean 
directs  water  of  Atlantic  origin  northward  toward  the  Adriatic  Sea  rather 
than  toward  the  Levantine  Basin  (Oren,  1971).  The  resultant  shift  in 
circulation  combined  with  relatively  mild  weather  (reduced  convective 
and  wind  mixing)  results  in  SID  deepening  to  only  moderate  depths  in  the 
Levantine  Basin. 

(U)  The  effect  of  increased  surface  heating,  decreased  winds,  and 

river  runoff  is  evident  in  the  SLD  analysis  for  spring  (figure  3. 1.6-2). 
Shallow  layer  depths  are  found  in  shallow  areas,  where  Atlantic  water 
moves  eastward  along  the  African  coast,  and  in  the  Levantine  Basin. 

Deep  layer  depths  persist  where  Mediterranean  Deep  Water  was  manufactured 
during  the  previous  winter,  but  even  here  the  trend  toward  summer  con- 
ditions is  shown  by  the  variability  of  the  analysis. 

(U)  By  simmer,  the  atmospheric  pressure  system  has  become  zonal 

(east-west)  and  Atlantic  water  is  once  again  transported  into  the 
Levantine  Basin  (Oren,  1971).  SLD  rarely  exceeds  30  meters  throughout 
the  entire  area  (figure  3. 1.6-3).  The  tendency  for  transient  surface 
warming  (afternoon  effect)  during  periods  of  maximum  insolation  is  well 
established. 
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(U)  Increased  surface  cooling  and  wind  mixing  erode  the  thermo- 

cline  during  autumn.  Although  SLD  generally  ranges  from  20  to  50 
meters  (figure  3. 3. 6-4),  local  variation  will  occur  because  of  variance 
in  meteorological  conditions. 

(U)  The  annual  march  of  SLD  in  the  Western  Mediterranean,  Ionian 

Sea,  and  Levantine  Basin  is  shown  in  figures  3. 1.6-5  through  3. 1.6-7. 

Mean  monthly  SLD  is  indicated  by  the  ^lid  line,  95  percent  limits  by 
the  broken  lines.  Number  of  observations,  frequency  of  zero  SLD,  and 
frequency  of  SLD  at  or  greater  than  300  m is  given  below  each  figure. 
Despite  minor  differences  in  the  data,  several  factors  are  evident: 

a.  Maximum  SLD  occurs  in  February  or  March  and  minimum  SLD 
in  June  or  July. 

b.  Variability  is  greatest  in  April  and  least  in  June  or 
July. 

c.  Zero  SLD  occurs  most  frequently  in  May  but  never  exceeds 
40  percent  of  the  observations. 

d.  The  frequency  of  SLD  at  or  greater  than  300  meters  is 
greater  than  75  percent  in  the  western  Mediterranean 
during  winter  in  contrast  to  less  than  50  percent  in  the 
Levantine  Basin. 
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3.2(D)  Sound  Transmission  (U) 

3.2.1(D)  General  (D).  In  considering  the  transmission  of  sound  fro®  a 
source  to  a receiver,  one  is  interested  primarily  in  the  paths  over  which 
the  sound  travels  and  the  propagation  less  over  these  paths.  Propagation 
loss  is  a measure  cf  the  cnange  in  scid  level  as  a function  of  range 
from  the  source.  It  is  usually  expressed  in  dB  relative  to  the  source 
level  at  1 yd.  Propagation  loss  is  the  combined  effect  of  losses  pro- 
duced by  attenuation  (conversion  of  sound  energy  into  heat),  by  reflec- 
tions from  the  surface  and  bottom,  by  scattering  fron  inhoaogeni eties 
in  the  water  medium,  and  by  spreading. 

(D)  The  interpretation  of  a propagation  loss  measurement  is  a 

complex  process  of  combining  sound  levels  arriving  at  a field  point  over 
all  physically  possible  paths  from  the  source  to  that  point.  These  paths 
can  be  combinations  of  reflections  from  the  surface  and  bottom  with  re- 
fracted trajectories  in  between,  i.e.  they  include  a variety  of  propaga- 
tion modes.  The  nature  of  the  refracted  trajectories  depends  on  the  com- 
plex sound  velocity  structure  discussed  in  section  3.1.  It  is,  therefore, 
not  generally  possible  to  assess  propagation  loss  without  the  benefit  of 
automated  models. 

(D)  A subject  of  continuing  interest  is  the  combination  of  propa- 

gation loss  data  and  modeling  res alts  to  develop  ground  rules  for  inter- 
preting environmental  parameters  that  can  be  measured  by  the  operational 
Fleet.  These  rules  can  then  be  used  in  situ  to  modify  computer  generated 
predictions  whenever  the  environment  deviates  from  the  historical  or 
synoptic  environmental  data  used  in  the  predictions  supplied  to  Fleet 
units.  This  process,  however,  becomes  manually  unmanageable  rather  quickly, 
and  even  the  handling  of  the  simpler  situations  has  not  been  developed  to 
a high  degree. 

(D)  In  this  section,  sound  transmission  in  tne  Mediterranean  Sea 

is  characterized  as  far  as  the  number,  consistency,  and  extent  of  the 
measurements  allow.  Section  3.2.2  contains  a summary  of  attenuation 
measurements,  for  which  the  results  obviously  apply  to  any  propagation 
code.  Section  3.2.3  contains  a discussion  of  the  present  understanding 
of  the  bottom  reflection  process  and  the  manner  in  which  its  effects 
ere  summarized.  In  section  3.2.4,  volume  scattering  and  bottom  hack- 
scattericv  effects  are  summarized.  In  section  3.2.5,  the  variability  of 
surface  duct  (and  cross-layer)  propagation  is  described.  In  section 
3.2.6,  a few  surrsary  results  of  convergerc,.  zone  propagation  are  given. 

And  finally,  in  section  3.2.7,  leng  range  low  frequency  propagation 
loss  measurements  are  summarized. 
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3.2. 2 (U)  Attenuation  (0).  The  attenuation  of  sound  in  sea  water  has 
been  investigated  extensively,  both  theoretically  and  experimentally . 
A summary  of  the  measurements  for  the  Mediterranean  Sea  (Leroy,  1967) 
is  shown  in  figure  3. 2. 2-1.  The  curve  in  the  figure  r n be  expressed 
empirically  as 

0.155f  f2  , 

a = L_  + o.006f~ 

2 2 
f +f 
r 

where  a is  the  attenuation  in  dB/km,  f is  the  frequency  in  kHz  and 

f = 1.7  kHz. 
r 
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3.2.3(C)  Ik) t ton  Reflection  Loss  (U) 

3.2.3.1(U)  Introduction  (U).  Botton  reflection  loss  is  defined  as  the 
residual  propagation  loss  after  spreading  and  absorption  losses  have 
been  accounted  for,  when  a sound  signal  travels  fron  source  to  receiver 
via  a botton  reflected  path.  The  reflection  angle  is  called  the  grazing 
angle.  Evidently,  knowledge  of  the  nagnitude  of  the  botton  reflection 
loss  as  a function  of  grazing  angle  for  any  given  geographic  location 
is  of  vital  inportance  in  the  prediction  or  evaluation  of  sonar  per- 
formance for  those  acoustic  sensors  which  nay  enploy  a botton  bounce 
node  of  operation. 

3.2.3.2(U)  Development  of  Standard  Botton  Reflection  Loss  Curves  (0). 
The  extensive  variability  which  has  been  observed  in  botton  reflection 
loss  versus  grazing  angle  at  various  geographic  locations  and  the 
natural  assumption  that  the  nagnitude  of  the  bottom  reflection  loss  must 
be  heavily  dependent  on  the  quality  of  the  botton  has  led  to  attempts  to 
correlate  botton  reflection  loss  characteristics  with  the  associated 
physiographic  provinces.  To  this  end,  the  botton  reflection  loss  versus 
grazing  angle  curves  fron  more  than  1300  acoustic  stations  of  KGS  and 
ASW/USV  surveys  in  diverse  ocean  areas  were  analyzed  by  NAVOCEANO  and 
correlated  with  their  corresponding  physiographic  province,  initially 
for  a frequency  cf  3.5  kHz,  100  Hz  bandwidth,  but  later  extended  to 
also  include  1/3  octane  band  results  at  frequencies  of  0.01,  0.05,  1.0, 
2.0  and  3.5  kHz.  The  data  for  these  analyses  were  extracted  fron 
broadband  recordings  of  SOS  signals  recorded  on  a shallow  hydrophone. 
Grazing  angles  ranged  between  3 and  90  degrees. 

(C)  The  end  result  of  this  effort  produced  a grouping  of  the  data 

into  9 distinct  categories  of  botton  reflection  loss  versus  grazing 
angle,  each  of  which  was  fitted  with  a fourth  degree  polynomial  using 
0.1  degree  averaging  of  the  grazing  angle.  Tnese  curves  are  shown  in 
figure  3. 2. 3-1.  These  nine  curves  have  since  been  designated  as  the 
Navy  Interim  Standard  Botton  Loss  Curves  for  the  Frequency  Range  1.0  to 
3.5  kHz.  Tne  results  of  these  analyses  are  reported  in  Reference  3 
(Christensen,  Frank  and  Kaufman.  1974). 

(U)  Tne  numeric  designator  of  each  of  these  nine  curves  is  also 

the  numeric  designator  to  be  used  for  labeling  the  corresponding  botton 
loss  province  for  which  the  curve  represents  the  average  botton  loss 
characteristics.  Tne  curves  are  therefore  comnonly  referred  to  as 
”3ottom  Loss  Province  Curves". 

(C)  For  frequencies  below  1.0  kHz,  FNWC  developed  the  Botton  Loss 

Curve  (0.5  kHz),  and  the  Bottom  Loss  Curve  (0.1  kHz),  shown  in  figure 
3. 2. 3-2.  These  curves  are  currently  the  Navy  Standard  for  these  fre- 
quencies. The  results  are  based  on  the  1963  MGS  stations  and  were 
reported  in  1970  by  Bassett  and  Wolff  (reference  2).  The  numeric 
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designators  of  these  curves,  like  those  of  figure  3 .2. 3-1,  also  correspond 
to  those  of  the  Botton  Loss  Province  to  he  associated  with  it,  except 
that  Bottom  Loss  Provinces  4 through  9 are  all  characterized  by  the  fifth 
classification  curve  of  figure  3-2. 3-2. 

(C)  There  is  evidence,  based  on  Fleet  experience,  that  observed 

bottom  reflection  losses  may  be  less  than  those  which  are  given  by 
figure  3. 2. 3-2.  Additional  analyses  at  these  lower  frequencies  are  now 
being  carried  out  by  NAVOCEANO. 

3.2.3.3(C)  Development  of  the  Bottom  Loss  Province  Chart  (U).  For  the 
Mediterranean  area,  bottom  reflection  loss  measurements  have  been  reported 
for  more  than  125  sites  since  1960.  The  locations  of  these  sites  are 
shown  in  figure  3. 2. 3-3.  A description  of  the  various  measurements  is 
given  in  the  Data  Catalog  (MC  Report  103,  1974).  These  data  were  used  in 
the  development  or  validation  of  the  nine  bottom  reflection  loss  curves 
discussed  in  the  previous  section  and  then  in  the  production  of  the  Bottom 
Loss  Province  Chart  for  North  Atlantic  Region  8,  T?hich  includes  the 
Mediterranean  Sea. 


(G)  All  of  the  stations  comprising  the  MGS  and  ASW/USW  data  base 

were  plotted  (identified  by  their  assigned  bottom  loss  classification 
designator)  on  the  appropriate  Standard  Navy  Ocean  Area  Chart.  This 
chart  was  overlaid  by  a physiographic  province  chart  developed  for  the 
same  area  and  contours  were  drawn,  maintaining  a judicious  awareness  of 
the  physiographic  province  boundaries  to  delineate  areas  having  the  same 
bottom  loss  classification.  Physiographic  provinces  containing  group- 
ings of  stations  representing  different  bottom  loss  classifications 
were  contoured  to  show  the  areal  distribution  within  the  province  of 
each  different  classification.  Likewise,  physiographic  province  boundaries 
were  overridden  when  a continuum  of  stations  having  the  same  bottom  loss 
classification  spanned  the  boundary  between  adjacent  provinces.  The 
resulting  bottom  loss  province  chart  for  the  Mediterranean  is  shown  in 
figure  3. 2. 3-r4.  This  chart  was  a primary  input  in  the  development  of 
the  Standard  ASW  Prediction  Area  .hart  (figure  1.0-1,  p.  3)  which  is 
shown  in  figure  3. 2. 3-4  in  color. 

3.2.3.4(G)  Gse  of  the  Standard  Bottom  Reflection  Loss  Curves  and  Bottom 
Reflection  Loss  Province  Charts  (G).  Data  have  been  reported  by  Chapman 
and  Keil  (8)  and  Hanrahaa  (7)  in  1971  from  which  a table  can  be  constructed 
which  correlates  botton  loss  province  category  with  a qualitative  evalua- 
tion of  the  observed  performance  of  the  AN/SQS-26  (AXR  and  CX)  sonar  for 
both  the  search  and  track  nodes  in  the  Mediterranean  Sea  and  the  Atlantic 
and  Pacific  Oceans.  The  results  are  given  in  table  3. 2. 3-1.  Note  that 
the  performance  in  the  Mediterranean  is  one  category  better  than  for  the 
same  province  in  the  Atlantic  and  Pacific.  This  is  due  primarily  to  the 
fact  that  the  Mediterranean  is  shallower  and  hence  there  is  less  trans- 
mission loss  along  the  propagation  path. 
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Bottom  Loss  Provinca  Chart  for  the  Mediterranean  Sea  (U) 
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TABLE  3. 2. 3-1  (U) 

EXPECTED  BOTTOM  BOUNCE  PERFORMANCE  OF  THE  AN/SQS-26 
(AXR  AND  CX)  SONARS  (CHAPMAN  & KIEL,  1971;  HANRAHAN,  1971)  (U) 


Bottom  Loss 
Province 


Mediterranean 


Atlantic  and  Pacific 


Category 

Search  Mode 

Track  Mode 

Search  Mode 

Track  Mode 

1 

Excellent 

Excellent 

Excellent 

Excellent 

2 

Excellent 

Excellent 

Good 

Excellent 

3 

Good 

Excellent 

Fair 

Good 

4 

Fair 

Good 

Marginal 

Fair 

5 

Marginal 

Fair 

Unusable 

Marginal 

6 

Unusable 

Marginal 

Unusable 

Unusable 

7-9 

Unusable 

Unusable 

Unusable 

Unusable 

(C)  The  Navy  Interin  Standard  Botton  Loss  Curves  for  1.0  to  3.5  kHz 

(figure  3. 2. 3-1)  have  been  incorporated  into  the  Fast  Asymptotic  Coherent 
Transmission  (FACT)  model  and  are  used  for  computing  SHARPS  II  and  ASRAPS 
III  outputs  above  1.0  kHz.  They  are  also  employed  by  NAV0CEAN0  in  the 
classification  of  acoustic  stations  collected  by  on-going  surveys,  with  the 
results  being  incorporated  into  updates  of  the  Botton  Loss  Province  Charts. 
As  mentioned  above  and  shown  in  figure  3. 2. 3-4,  the  Bottom  Loss  Province 
Charts  are  a primary  input  to  the  development  of  the  Standard  ASK  Pre- 
diction Charts. 

(C)  It  should  be  borne  In  mind  that  both  the  Botton  Loss  Province 

Charts  and  the  ASW  Prediction  Charts  were  developed  for  the  specific 
frequency  range  1.0  to  3.5  kHz.  Vnen  frequencies  below  this  range  are 
being  considered,  both  botton  loss  province  boundaries  and  classifications 
tend  to  degrade.  Efforts  are  currently  underway  at  NAY0CEAN0  to  investi- 
gate the  feasibility  of  developing  Botton  Loss  Province  Charts  for  these 
lower  frequencies. 
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3.2.4(C)  Reverberation  In  the  Mediterranean  Sea  (D) 

3.2.4.l(U)  Volume  Scattering  (0).  There  are  two  measures  of  volume 
reverberation.  One  is  the  scattering  strength  S of  the  cubic  yard  of  water 
in  decibels.  The  second  is  the  scattering  strength  Sc  of  a column  of 
water  extending  from  the  water  surface  to  the  bottom  and  having  a cross- 
section  of  one  square  yard.  Sc  is  also  in  decibels. 

(0)  Volume  reverberation  is  primarily  - biological  phenomenon 

which  varies  from  day  to  night  and  from  season  to  season,  as  well  as 
with  geographic  location,  sonar  frequency,  and  depth.  In  order  to 
examine  variations  with  time,  location,  and  frequency,  the  depth 
variations  are  eliminated  by  using  the  column  strength,  Sc.  In  the 
Mediterranean,  Sc's  at  any  given  location  and  time  are  similar  for  fre- 
quer.cies  from  6 kHz  to  10  kHz  and  from  12  kHz  to  20  kHz.  Thus,  table 
3. 2. 4-1  gives  values  of  Sc  for  summer,  day  and  night,  and  winter,  day 
and  night,  for  3.5,  5,  6 to  10,  and  12  to  20  kHz.  Measurements  have  not 
been  made  in  each  province.  Rather,  values  for  provinces  with  no  data 
have  been  predicted  from  the  values  in  adjacent  provinces  on  the  basis 
of  oceanographic  information.  Provinces  for  which  no  values  are  given 
are  in  relatively  shallow  water  where  no  measurements  have  been  made. 

Winter  has  been  considered  to  be  fiom  November  through  March  and  summer 
from  May  through  September. 

(0)  When  knowledge  of  the  depth  dependent  characteristics  of  volume 

scattering  is  required,  Sv  values  must  be  utilized.  Few  measurements  of 
Sv  have  been  made  in  the  Mediterranean.  Table  3.2.4-II  gives  scattering 
layer  depths  and  the  maximum  Sy  in  the  layer  for  almost  every  known 
measurement.  Values  cannot  be  predicted  accurately  in  provinces  other 
than  those  in  which  measurements  have  been  made. 

3.2.4.2(C)  Bottom  Backscatter  (U).  The  location  of  44  bottom  back- 
scattering  stations  for  the  Mediterranean  Sea  at  a frequency  of  3.5  kHz 
and  having  grazing  angles  30°  to  65c  are  shown  in  figure  3. 2. 4-1.  The 
3.5  kHz  bottom  backscattering  data  were  grouped  into  four  groups  (A,  B, 

C,  and  D)  having  similar  backscattering  strength  versus  grazing  angle 
characteristics.  Table  3.2.4-III  shows  the  mean  values  (dB)  and  standard 
deviations  (dB)  for  5°  intervals  for  each  of  the  four  groups  and  for  all 
44  stations.  In  addition,  fourth  order  polynomial  fit  values  (dB)  at 
5°  increments  and  the  standard  deviation  (dB)  are  given.  These  data  are 
shown  also  in  figure  3. 2. 4-2. 

(U)  The  chart  (figure  3. 2. 4-1)  shows  the  backscattering  group  of 

each  station.  Since  the  data  are  highly  variable  in  some  areas,  the 
following  prediction  procedure  is  reconaended: 

a.  For  locations  near  a station  or  in  an  area  having 
similar  scattering  characteristics  (A-B,  B-C,  or 
C-D),  choose  the  appropriate  group  - Mean  value. 
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TABLE  3- 

fCTTMME.m 

SCATTERING 

STRENGTH  S 

, IN  dB 

FOR 

THF  MEDITERRANEAN  ASW  PREDICTION  AREAS 

(U)C 

Day 

3.5  kHz 

vt-v. 

•*6 

3.5  kHz 

Dav 

5.0  kHz 

Sisil 
5.0  kHz 

D»T 

6-10  «eHz  6 

-ifkHz 

Day 

12-20 

Six  hr 

kHz  12-20  z 

-60 

-51 

-52 

-44 

-55 

-51 

--•0 

—4b 

-60 

-49 

-45 

-45 

-50 

-50 

- »C 

-45 

-58 

-57 

-43 

-50 

-50 

-3.' 

_ 7 

-45 

-60 

-49 

-49 

-45 

-50 

- 

_ 

-45 

-63 

-45 

-49 

-45 

-50 

-50 

-50 

-45 

-53 

-57 

-48 

-50 

-50 

-52 

-53 

-49 

-60 

-45 

-43 

-45 

-50 

-30 

-50 

-43 

- 58 

-57 

-45 

-50 

-50 

-49 

-55 

-57 

-45 

-50 

-50 

-52 

-53 

-49 

-55 

-57 

-45 

-50 

-Si 

-52 

-53 
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-57 
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-43 
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-49 
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-S7 

-54 
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-SC 
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-so 
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-57 
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-43 
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-57 
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t s 
•hJ 
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— r • 
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-45 
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-57 

-54 

-43 
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-5i 

-so 
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-61 
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o 

1 «/> 
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-43 

_ r „ 
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-54 

-44 

-53 

-52 

-43 

-49 
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-57 

-51 

-46 

-50 

-54 

-45 

-45 

-65 

-45 

-55 

-41 

-55 

-45 

-42 

-4o 

-55 

-55 

-55 

-43 

-54 

-33 

-52 

-45 

-56 

-45 

-55 

-44 

-54 

-49 

-52 

-45 

-64 

-59 

-55 

-#3 

-54 

-52 

-53 

-50 

-63 

-5: 

-55 

-45 

-53 

-51 

-51 

-50 

-62 

-57 

-55 

-45 

-57 

-51 

- 1 

-50 

-65 

-57 

-59 

-45 

-5> 

-51 
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-so 

-74 

-57 

-63 

-43 

.e( 

-60 

-5i 

-50 

-74 

-57 
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-45 

-57 
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-5! 
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-74 

-57 
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-43 

-57 

-z0 

-51 

-SO 
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_ * 7 
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-57 

-60 
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-74 

-57 

-63 

-46 

-57 
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30 
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— 4S 
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TABLE  3. 2. 4-1  (WINTER)  (C) . SCATTERING  STRENGTH  S , IN  dB 
FOR  THE  MEDITERRANEAN  ASW  PREDICTION  AREAS  (U)C 


Provlsct 

Day 

3.5  kH z 

Sight 
3.5  kHz 

a»T 

5.0  kHz 

Sight 
5.0  kHz 

Oay 

6-10  kHz 

Sight 
6-10 kHz 

D*y 

12-20  kHz 

Sight 
12-20  kHz 

137 

-53 

-53 

-47 

—47 

-*9 

-46 

-47 

-47 

13S 

-53 

-53 

-47 

-47 

-49 

-46 

-47 

-47 

139 

-57 

-56 

-49 

-50 

-49 

-50 

-50 

143 

-53 

-53 

- 

-4> 

-49 

-46 

-47 

-47 

141 

-53 

-S3 

-47 

-47 

-49 

-46 

-47 

-47 

'll 
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-56 

-49 

-49 

-50 

-49 

-50 

-30 
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-53 

-47 

-47 

-49 

-46 
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-47 
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-57 
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-49 

-49 

-5C 
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-50 
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145 

-57 

-56 

-49 

-49 

-SC 

-49 

-50 

-50 

145 

-57 

-56 

-49 

-49 

-50 

-49 
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- 

- 

- 

- 

- 

_ 

_ 
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_ 

_ 

__ 
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- 
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_ 
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-49 
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- 
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_ 

_ 
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- 

- 
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. 

_ 

_ 
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- 

- 

- 

- 

- 

- 

_ 

_ 
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- 

_ 

_ 
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- 

- 

- 

- 

_ 

_ 
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-53 

-51 
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> 
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-53 
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-49 

-53 

50 
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-57 
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-60 
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-50 

-53 

-51 

165 

-60 
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-50 

-53 

-51 
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167 
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- 

- 

- 

- 

- 

- 
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- 

- 

- 

- 

- 
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-53 
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t 

i 


159 

CONFIDENTIAL 


CONFIDENTIAL 


-II  (C).  SCATTERING  LAYER  DEPTHS  AND  MAXIMUM  SCATTERING 
ENGTF  PER  CUBIC  YARD  (Sv)  WITHIN  THE  LAYER.  (U) 

(.DEPTH  IN  YARDS  X 1(TS  Sy  IN  dB/YD3) 
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TABLE  3. 2. 4- III (C) . 3-5  kBr  BOTTOM  BACKS CATTSRING 

STRENGTH  IS  dB  VERSUS  GRAZING  ANGLE  (0) 
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b.  For  a location  not  dose  to  a station  and 

located  in  an  area  of  highly  variable  scattering 
(e.  g. , wore  than  2 groups) , use  the  44  station 
group  - All  points  - Mean  value. 
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3.2,5(U)  Surface  Channel  Propagation  (U).  Sonic  layer  depth  was  dis- 
cussed in  section  3.1.6.  Frors  figure  ,3. 1.6-3  it  can  be  seen  that  during 
surmer  the  average  layer  depth  varies  between  10  and  20  waters,  with  a 
probability  of  having  no  layer  at  all  of  approximately  202  in  the  western 
Mediterranean  and  10  to  132  in  the  Ionian  Sea  and  Levantine  Sea.  The 
layer  is  therefore  too  thin  and  unstable  for  reliable  surface  channel 
propagation.  This  situation  begins  to  is? rove  in  autum  but,  as  can  be 
seen  from  figure  3. 1.6-4,  layer  depths  remain  generally  less  than  50  m. 

In  winter,  figure  3.1. 6-1.  layer  depths  ranging  from  100  m in  the  southern 
waters  to  completely  isothermal  water  in  the  northern  western  Mediterranean 
can  be  found  and  surface  duct  propagation  is  at  its  maximum  reliability. 
This  condition  deteriorates  ia  the  spring  and,  because  of  surface  warming, 
negative  gradients  often  exist.  The  maxi sirs  probability  for  zero  layer 
depth  exists  in  May,  at  302  in  the  western  Mediterranean,  352  in  the 
Ionian  Sea  and  392  in  the  Levantine  Sea. 

(O'  The  existence  of  the  strong  negative  gradient  in  the  summer 

makes  cross-layer  detection  marginal  for  frequencies  in  the  kHz  region. 

This  situation  again  improves  in  winter,  when  the  cross-layer  situation 
does  not  arise  in  a practical  sense. 

(U)  Propagation  loss  in  the  surface  duct  and  for  the  cross-layer 

case  has  been  discussed  extensively  elsewhere  (see  e.g.  Reynold-  1960). 

For  this  reason,  as  well  as  because  of  its  high  variability,  it  will  not 
be  discussed  here. 

3-2.6(U)  Convergence  Zone  Propagation  (0).  From  its  definition  (table 
3.0-1)  it  is  evident  that  reliable  convergence  zone  propagation  depends 
on  the  water  depth  being  sufficient  to  ensure  that  depth  excess  require- 
ments are  set.  This  has  been  discussed  in  sections  3.1.4  and  3.1.5  and 
is  surra rized  in  figures  3.1.4-10  and  3.1.4-11  (in  the  jacket).  When 
convergence  occurs,  there  are  several  quantities  associated  with  it  that 
are  of  interest. 

(0)  The  zone  start  range  at  the  surface  is  determined  by  the 

surface  water  temperature  (Lexbiger,  1972),  as  shewn  in  table  3. 2. 6-1. 

In  the  spring  starting  ranges  vary  between  10  and  35  kyd,  while  in  simmer 
they  vary  between  30  and  45  kyd  through  most  of  the  Mediterranean.  The 
range  decreases  with  depth  at  approximately  6 yds/ft  above  the  thermocline 
and  2 yds/ft  below  the  theraocline  (Kaufman  and  Azenfelc , 1564). 

(U)  Propagation  loss  is  about  SO  dB  to  the  first  zone  and  105  to 

110  dB  to  the  second.  This  loss  increases  by  about  10  dB  from  the  surface 
to  just  below  the  theraodine. 
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3.2.7(C)  Long  Range  Low  Frequency  Propagation  (0).  From  the  discussion 
in  section  3.1.3,  it  is  evident  that  the  deep  sound  channel  is  very 
shallow  in  the  Mediterranean  as  compared  to  the  open  ocean,  where  it  is 
usually  found  at  2000  to  4000  meters  depth.  This  accessibility  of  the 
DSC  axis  with  such  sensors  as  towed  arrays  makes  it  of  extreme  practical 
importance  to  ASW  in  the  Mediterranean  Sea.  Additionally,  because  the 
channel  axis  is  so  shallow  (at  the  surface  in  much  of  the  western 
Mediterranean  in  winter)  low  frequency  propagation  should  show  little 
seasonal  variation.  For  a source  at  the  summer  DSC  axis  depth,  there 
will  be  RR  type  propagation,  while  for  a source  at  the  same  depth  in 
winter,  there  will  be  RSR  type  propagation. 

(C)  A siguificant  number  of  long  range  low’  frequency  propagation 

loss  measurements  have  bean  cade  in  the  Mediterranean  since  1967  (Hays 
and  Murphy,  1969),  (Marshall,  1973),  (Martin  and  Koenigs.  1973),  (KC 
Report  015,  1973),  (Schumacher,  et  al.,  1971),  (HcCloskey  and  Gottwald, 

1972)  and  (Weston  and  Eorrigan,  1964).  The  locations  of  the  receivers  for 
these  measurements  are  shown  in  figure  3. 2. 7-1.  Interest  has  been 
largely  centered  around  a shallow  (nominal  50’  depth)  and  a deep  (nominal 
300*  depth)  target  with  the  receiver  near  the  DSC  axis.  For  summer 
conditions  this  corresponds  roughly  to  the  target  being  above  the  channel 
(or  in  the  surface  layer)  or  in  the  sound  channel. 

(C)  Again,  it  is  difficult  to  summarize  these  measurements  without 

applying  a significant  modeling  effort.  It  is  of  interest,  however,  to 
observe  their  general  consistency.  A collection  of  the  measured  data  is 
presented  in  figure  3. 2. 7-2  for  the  deep  source  and  ir.  figure  3.2.7- 3 
for  the  shallow  source.  The  plotted  data  are  co3>osed  of  the  data  obtained 
by  Eaves  (1969),  IOMEDEX  (Marshall,  1973),  (Martin  and  Koenigs,  1973)  and 
(MC  Report  015,  1973),  TASSRAP  (HcCloskey  and  Gottwald,  1972',  and  Schumacher 
(1971).  The  points  were  measured  at  frequencies  ranging  fro-  35  to  130  Hz, 
in  all  four  major  basins,  during  fall  and  summer,  for  receiver  depths 
ranging  from  110  to  615  meters,  and  for  both  SUS  and  CW  sources.  The 
lower  short-dash  line  in  each  figure  corresponds  to  inverse  square  (20  x 
log  (range))  propagation  loss.  Tne  upper  long-dash  line  in  figure  3. 2. 7-2 
represents  (arbitrarily)  propagation  loss  given  by  33  + 10  log  (range). 

(C)  The  upper  long-dash  line  in  figure  3. 2. 7-3  represents  (arbitrarily) 

a propagation  loss  6 dB  higher  than  in  figure  3. 2. 7-2  (or  39  + 10  log 
(range)).  Inasmuch  as  the  water  medium  is  dynamic  or  constantly  changing, 
it  is  significant  that  the  tctal  spread  of  all  of  the  measurements  is 
comparable  to  the  spread  often  encountereJ  ’n  a single  measurement  as  a 
function  of  range. 
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3.3(U)  Ambient  Noise  (U) 

(0)  Ambient  noise  is  the  background  noise  in  the  vater  observed 

with  a sensor,  not  including  any  self-noise  which  may  be  caused  by  the 
sensor  itself.  The  basic  properties  of  ambient  noise  are  usually 
described  by  the  following: 

• Spectrum  Level  - This  is  the  omnidirectional  sound 
pressure  level  per  unit  bandwidth.  The  spectrum 
level  is  expressed  in  dB  relative  to  one  micro  Pascal 
(one  micro  newton  per  square  meter),  although  many 
reports  are  still  in  use  which  express  the  spectrum 
level  relative  to  one  microbar  (one  dyne  per  square 
centimeter).  Conversion  from  the  latter  to  the 
former  adds  100  dB. 

• Directionality  - This  property  refers  to  the  directional 
characteristics  at  a given  depth  and  location.  Vertical 
and  horizontal  properties  may  be  of  interest.  It  is 
expressed  in  dB  rel^ive  to  a p Pascal/Hz-*-' ‘-/steradian. 

• Depth  Dependence  - This  property  is  the  change  in 
omnidirectional  spectrum  level  as  a function  of 
depth  at  a given  location  and  time. 

• Ambient  Noise  Statistics  - These  statistics  may  be 
either  spectrum  level  or  instantaneous  value  statistics. 
Spectrum  level  statistics  describe  the  fluctuations, 
for  a given  averaging  rime,  relative  to  the  mean  square 
pressure.  Instantaneous  value  statistics  describe  the 
fluctuation  of  the  pressure  aoplitude. 

3.3.1(D)  Sources  of  Ambient  Noice  (D).  Ambient  noise  is  produced  from 
a number  of  causes,  although  there  is  a predominant  cause  in  various 
parts  of  the  frequency  spectrum  of  interest  here.  Noise  in  the  region 
from  10  to  500  Hz  is  produced  by  shipping  and  distant  storms,  with 
shipping  normally  predominating.  Noise  in  the  region  from  1 to  30  kHz 
is  caused  predominately  at  the  sea  surface  and  is  highly  correlated  to 
wind  speed  (the  well-known  Knuds en  curves).  For  frequencies  above  30  kHz 
the  ambient  noise  is  believed  to  be  dominated  by  the  thermal  noise  of  the 
molecules  in  the  sea.  The  levels  associated  with  these  causes  in  the  open 
ocean  are  shown  in  figure  3. 3.1-1  as  a function  of  frequency  (Wenz,  1962), 
for  later  cosparison  to  levels  in  the  Mediterranean. 

(D)  In  addition  to  the  above,  there  are  two  noise  sources  classified 

as  intermittent  in  nature.  These  are  the  effects  of  marine  life  and  rain- 
fall. Sounds  produced  by  biological  sources  have  been  described  in  section 
2.4  above.  The  effect  of  rainfall  is  shown  in  figure  3. 3. 1-2. 
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Figure  3. 3. 1-2(0-  The  Effect  of  Rainfall  on 
Ambient  Noise,  Franz  (1959)  (U) 
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3.3.2(C)  Measurements  In  the  Mediterranean  Sea  (D).  Ambient  noise  has 
been  measured  in  the  Mediterranean  Sea  at  the  locations  indicated  in 
figure  3. 3. 2-1.  The  parameters  describing  these  measurements  and  repre- 
sentative data  describing  the  results  are  listed  in  table  3. 3.2-1. 

(C)  Results  typical  of  the  Mediterranean  are  shown  in  figure  3. 3. 2-2. 

The  data  were  obtained  in  the  Ionian  Basin  during  November  1971  (MC  Report 
No.  015,  1973)  as  part  of  the  I0MEDEX  exercise.  The  median,  10th  and  90th 
percentile  curves  of  the  omnidirectional  ambient  noise  spectrum  levels  at 
149  meters  depth  are  shown  on  the  Went  curves.  The  figure  illustrates 
the  strong  influence  of  the  heavy  shipping  in  the  Mediterranean  on  the 
spectrum  levels  below  400  Hr.  Below  200  Hz  the  median  noise  level  is 
10  to  15  dB  above  what  Wenz  refers  to  as  usual  deep  water  traffic  noise. 

At  frequencies  above  1000  Hz,  the  omnidirectional  levels  correspond  to 
a wind  force  of  5 or  less.  The  mean  wind  speed  during  the  measurement 
period  was  12  knots,  corresponding  to  wind  force  4. 

(C)  An  illustration  of  the  correlation  of  ambient  noise  with  wind 

speed  is  shown  in  figure  3. 3. 2-3  (Martin  and  Perrone,  1973).  The  cor- 
relation is  low  between  20  and  200  Hz,  increases  rapidly  between  200  and 
1000  Hz  and  then  levels  off  above  1000  Hz.  The  correlation  is  generally 
highest  for  the  shallower  hydrophones. 

(C)  No  significant  dependence  of  the  noise  levels  on  depth  and 

season  are  displayed  by  any  of  the  data.  This  is  consistent  with  the 
fact  that  propagation  loss  is  rat  expected  to  vary  with  season.  A summary 
of  noise  measurements  in  the  major  basins  of  the  Mediterranean  is  shown 
in  figure  3. 3. 2-4,  adapted  from  reference  64  (Orick  and  Bradley,  1970). 

(C)  A comparison  of  measurements  made  in  1963  (White  and  Horten, 

1968)  anc  later  measurements  (MC  Report  No.  007,  1*»72  and  MC  Report  «a. 

015,  1973)  shows  that  for  frequencies  of  200  Hz  and  above  the  same  levels 
wc  *e  measured,  while  for  frequencies  below  200  Hz  the  levels  have  increased 
3 to  4 dB.  This  increase  is  attributable  to  an  increase  in  shipping 
density  during  that  period 

(C)  Ho  direct  reasurements  of  horizontal  directionality  are  available 

at  this  time.  Ho-tver , the  correlation  of  the  low  frequency  noise  to 
shipping  clearly  indicates  that  the  directionality  of  low  frequency  noise 
will  be  related  to  the  locations  of  the  shipping  and  will  be  dominated  by 
horizontal  noise  maxim*  in  the  direction  cf  the  closest  sources  relative 
to  the  receiver. 

(C)  Vertical  directionality  has  also  not  been  measured  directly. 

The  high  correlation  of  the  noise  to  wind  speed  for  the  higher  frequencies 
(figure  3. 3. 2-3)  indicates  that  the  noise  is  local  in  origin.  Toe  vertical 
arrival  structure  is  therefore  determined  by  the  local  velocity  structure. 
Low  frequency  noise  from  distant  sources,  on  the  other  band,  would  be 
expected  to  arrive  within  a few  degrees  of  horizontal. 
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TABLE  3. 3. 2-1 (C) . NOISE  SPECTRA  WITH  ENVIRONMENTAL 
AND  TEST  CONDITIONS  (U) 
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TABLE  3. 3. 2-I(C) . NOISE  SPECTRA  WITH  ENVIRONMENTAL 
AND  TEST  CONDITIONS  (Continued)  (U) 


S 

PECTRUM 

LEVEL  dB  re  uPa/Hi* 

Location 

Reference 

20  Hz 

50  Hz 

100  Hz 

200  Hz 

mg 

2000  Hi 

Basin 

Latitude 

Longitude 

88 

91 

83 

73 

■51 

63 

57 

Ionian 

40°00'N 

17°36'E 

95 

95 

90 

82 

Bl 

67 

58 

Ionian 

(1969) 

88 

82 

76 

69 

58 

50 

Levantine 

(Continued) 

80 

82 

79 

72 

66 

63 

58 

87 

84 

83 

73 

64 

59 

55 

79 

80 

80 

72 

62 

57 

52 

85 

87 

87 

76 

66 

60 

57 

77 

77 

78 

70 

63 

59 

53 

Levantine 

40  00'N 

17  36  E 

mm 

78 

70 

60 

51 

45 

Ionian 

34°50’N 

17°27‘E 

_ 

■39 

82 

75 

65 

60 

46 

Ionian 

34°50'N 

17°27'E 

(1969) 

_ 

81 

75 

72 

66 

61 

60 

Ionian 

34°50'N 

17°27'E 

80 

76 

72 

65 

61 

60 

Ionian 

34°50'N 

17°27'E 

82 

85 

77 

70 

67 

67 

62 

Levantine 

32°50'N 

26°53’E 

81 

77 

70 

65 

64 

60 

_ 

74 

71 

68 

62 

59 

55 

_ 

83 

77 

73 

68 

63 

60 

_ 

81 

80 

72 

69 

65 

61 

- 

80 

75 

71 

61 

50 

41 

Levantine 

32  50  N 

26  53  E 

81* 

86 

82 

74 

m 

69 

66 

Tyrrhenian 

40°10’N 

)2°20'E 

( 1969) 

81 

86 

82 

76 

Kl 

70 

67 

40°10,N 

12°20'E 

79 

87 

80 

74 

67 

62 

40°10’N 

12„20'E 

87 

87 

82 

77 

73 

70 

66 

40°10'N 

12°20'E 

87 

90 

84 

77 

71 

69 

65 

40°05*N 

12°08 ' E 

83 

87 

84 

78 

70 

67 

61 

81 

88 

83 

78 

69 

o4 

57 

86 

88 

83 

77 

70 

64 

57 

82 

85 

80 

75 

67 

62 

56 

82 

87 

82 

75 

68 

62 

54 

79 

86 

83 

77 

69 

63 

56 

84 

87 

83 

78 

70 

65 

58 

Tyrrhenian 

40„05  N 

12:08'E 

93 

98 

89 

81 

73 

65 

56 

Algcro- 

38°20 ' N 

02°30'E 

99 

105 

93 

83 

75 

68 

59 

Provencal 

92 

98 

91 

81 

73 

66 

59 

93 

98 

92 

79 

70 

65 

57 

! 

92 

98 

90 

81 

72 

64 

56 

97 

103 

94 

83 

73 

68 

• 

38“20'N 

02“30'  E 

93 

98 

90 

77 

74 

69 

65 

41°20'il 

05°45'E 

93 

100 

90 

79 

74 

70 

63 

96 

107 

90 

79 

75 

70 

67 

96 

104 

88 

78 

74 

70 

66 

92 

102 

88 

78 

73 

67 

62 

Algero- 

95 

110 

90 

80 

75 

71 

67 

Provencal 

41“20'N 

05“45'E 

91 

95 

90 

80 

73 

65 

56 

Ionian 

35°55'N 

18°30  E 

92 

97 

92 

82 

74 

65 

55 

96 

99 

94 

82 

78 

73 

63 

96 

99 

93 

82 

77 

71 

63 

96 

98 

93 

82 

76 

72 

65 

93 

98 

92 

81 

77 

70 

63 

96 

99 

93 

82 

77 

74 

64 

95 

96 

90 

79 

76 

71 

60 

96 

98 

94 

82 

76 

71 

65 

95 

96 

92 

82 

77 

70 

62 

96 

96 

90 

81 

73 

68 

61 

93 

95 

90 

80 

74 

67 

60 

93 

96 

91 

82 

78 

69 

62 

95 

100 

93 

82 

77 

70 

62 

99 

101 

93 

83 

78 

70 

61 

99 

99 

92 

81 

75 

69 

61 

94 

100 

92 

81 

76 

69 

61 

95 

99 

92 

82 

77 

70 

61 

Ionian 

35„55  N 

18“30'E 

80 

87 

84 

73 

69 

66 

63 

Levantine 

33°07'N 

27°17*E 

80 

85 

80 

73 

69 

66 

63 

i 

80 

88 

85 

76 

72 

70 

65 

J 

J 

1 

83 

82 

79 

73 

68 

64 

59 

i 

f 

1 

81 

90 

82 

75 

71 

67 

62 

Levantine  | 

33  07'N  | 

27  17'E  | 

*25  Hi 
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TABLE  3. 3. 2-I(C) . NOISE  SPECTRA  WITH  ENVIRONMENTAL 
AND  TEST  CONDITIONS  (Continued)  (U) 


Time  of 
Day  (Z) 

Da  we 

Measured 

Water 

Depth 

(meters) 

Hydrophone 

Depth 

(meters) 

Layer 

Depth 

(metera) 

Sound 

Channel 

Axis 

Depth 

(meters) 

Sea 

State 

9 

0100 

11/28/68 

mm 

27 

61 

153 

2 

mamm 

0100 

11/28/68 

ns 

92 

61 

2 

1300 

11/14/68 

ns 

27 

52 

3 

1^ BT 

1300 

11/14/68 

915 

92 

52 

3 

1300 

11/15/68 

27 

37 

3 

■ 

1300 

11/15/68 

■ ■ 

92 

37 

3 

1900 

11/15/68 

27 

37 

3 

Hft 

1900 

11/15/68 

| 3294 

92 

37 

153 

3 

fl 

wm 

0254 

11/20/68 

31 

49 

0254 

11/20/68 

92 

49 

0751 

11/23/68 

31 

49 

0751 

11/23/68 

92 

49 

1253 

11/14/68 

31 

52 

92 

i 

3 

31 

3 

92 

1 

3 

31 

f 

3 

1253 

11/14/68 

92 

52 

3 

1600 

4/14/69 

3670 

92 

3 

2045 

4/14/69 

31 

3 

2045 

4/14/69 

92 

3 

2045 

4/14/69 

92 

3 

0307 

4/16/69 

31 

2 

0307 

31 

2 

07 

4 7 

31 

2 

92 

2 

31 

2 

92 

2 

31 

2 

0747 

4/16/69 

3670 

92 

2 

1620 

4/20/69 

2654 

31 

1-1% 

92 

1-1% 

31 

1-1% 

92 

1-1% 

31 

1-1? 

1620 

4/20/69 

2654 

92 

1-1% 

0450 

4/22/69 

2562 

31 

2-1% 

0450 

31 

2-1% 

0630 

31 

2-1% 

0630 

31 

2-1% 

0630 

92 

2-1% 

0630 

4/22/69 

2562 

31 

2-1% 

0325 

4/23/69 

3976 

31 

1-1% 

0325 

31 

1-1% 

0745 

31 

1-1% 

92 

1-1% 

31 

1-1% 

92 

1-1% 

31 

1-1% 

0745 

4/23/69 

92 

1-1% 

1810 

4/24/69 

31 

1 

92 

1 

31 

1 

92 

1 

1810 

92 

1 

2000 

31 

1 

92 

1 

31 

1 

\ 

92 

1 

2000  i 

4/74/69 

3976 

92 

1. 

0535 

4/17/69 

2745 

31 

1 

0535 

■ j 

92 

1 

0535 

i 

{ 

31 

1 

0535 

f 

92 

1 

0910 

4/17/69 

2745 

31 

1 
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TABLE  3. 3. 2-I(C).  NOISE  SPECTRA  WITH  ENVIRONMENTAL 
AND  TEST  CONDITIONS  (Continued)  (U) 


Dale 

(1969) 

(Continued) 


Gerrebout  & 
Leroy  (1968) 


Sanders 

Associates 

(1970) 


SPECTRUM  LEVEL  dB  re  uPa/Hz* 


50  Hz  1C-.)  h*  200  Hz  500  Hz  1000  Hz 


Levantine 
St.  of 
Gibraltar 
St.  of 
Gibraltar 


St . of 
Gibraltar 


Algero- 

Provencal 

Algero- 

Provencal 

Tyrrhenian 

Tyrrhenian 

Tyrrhenian 

Tyrrhenian 

Ionian 

Ionian 

Ionian 

Ionian 

Levantine  , 

Levantine 

Levantine 

Levantine 


33°0?'N 

32°55'N 


32°55’N 
36°04'N 
36°04 ' N 
36°04 ' N 
36°04'N 


36°04'N 

36°04'N 


40°30’N 

I 


Balearic 
Straits  of 
Sicily 
Ionian 


Ionian 

Tyrrhenian 

Tyrrhenian 


Ionian 

Ionian 

Balearic 


Longitude 


27°17’E 

27o07’E 


27°07'E 

04X00*W 

04°00'W 

04°00'W 

04°00’W 


05°17'W 

05°17'W 


18°30 

'E 

06°45 

•E 

J 

06°45 

'E 

06°  15 

•E 

0fi°15 

'E 

06°15 

E 

U°28 

E 

11°28 

E 

16°55 

E 

16°55 

E 

17°52 

E 

17°52 

E 

17°52 

E 

17°57 

E 

17°57 

E 

17°57 

E 

13°02 

E 

13°02 

E 

17°00 

E 

17°00' 

E 

06°30' 

E 
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TABLE  3. 3. 2-1 (C).  NOISE  SPECTRA  WITH  ENVIRONMENTAL 
AND  TEST  CONDITIONS  (Continued)  (U) 


Water 

I Tim*  of  Date  Depth 
| Day  (JO  Measured  (meters) 


4/17/69 

I 

* 

4/17/69 
! 4/19/69 


Hydrophone  Layer 
Depth  Depth 


Sound 

Channel 

Axis 

Depth 


Sumner 

Fall 

Winter 

Spring 

Summer 

fall 

Winter 

Spring 

Sumer 

fall 

Winter 

Spring 

Sumer 

Fall 

Winter 

Spring 


7/14/70 
7/18/70 
7/18/70 
7/18/70 
7/20/70 
7/20/ 70 
7/24/70 
7/24/70 
7/26/70 
7/26/70 
7/26/70 
7/26/70 
7/26/70 
7/26/70 
7/28/70 
7/28/70 


7/24/70 

7/24/70 

7/14/70 
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TABLE  3. 3.2-I(C) . NOISE  SPECTRA  WITH  ENVIRONMENTAL 
AND  TEST  CONDITIONS  (Continued)  (U) 


SPECTRUM  LEVEL  dB  re  uPa7Hz 


50  Hz 

100  Hz 

200  1 

91 

86 

76 

94 

H0 

77 

79 

69 

9 J 

82 

72 

96 

a9 

77 

43 

8b 

75 

93 

87 

76 

98 

91 

80 

98 

90 

80 

98 

90 

80 

98 

90 

77 

_ 

85 

81 

99 

93 

81 

101 

93 

81 

101 

93 

81 

101 

93 

81 

101 

93 

81 

- 

88 

82 

100 

92 

82 

100 

92 

81 

100 

92 

82 

101 

92 

82 

101 

92 

82 

- 

80 

79 

98 

91 

82 

99.5 

95 

82 

99.5 

95 

85 

101 

92 

82 

102 

92 

80 

• 

88 

81 

97 

91 

81 

98 

91 

81 

98 

91 

80 

Balearic 

Balearic 

Tyrrhenian 

Tyrrhenian 

Ionian 

Ionian 

Ionian 


40°40'N 

40°40‘M 

37°15‘N 

37°15’N 

36°00'N 

36°00'N 

36o00‘N 


38 . 5°N  £ 40°E 

38.5°N  40°E 


36°19.6'N 

36°19.6'N 

35°28.7'N 

35°28.7'N 

35°28'N 

35°28'N 

34°12.9'N 

34°12.9'N 

33°2.3'N 

33°2.3'N 

33°3. l'N 

33°3.1'N 

33®2.4'N 

33°2.4'N 

33°2.4'N 

34°11'N 

34°20.2'N 

35°23.7'N 

35°23.9'N 

35°23.3'N 

35°23.3'N 

36°19.3’N 

36°20.6'N 

36®20, 6 1 N 

36®19. l'N 

36°19.1'N 

36°20.6'N 

36°20.6'N 

36°24.4’N 


17“30.9'E 

17°30.9’E 

17°29.8'E 

17°29.8'E 

17°33.3'E 

17°33.3’E 

17°32.8’E 

17°32.8'E 

17°28.5’E 

17°28.5'E 

17°28. J'E 

! 7:22.3 'N 

. °29.4'r. 

17°32.7’E 

17°24.4'E 

17°31.7'E 

17°31.7'E 

17°8.8'E 

17°U.8'E 

17“U.8'E 

17°12.9'E 

17°12.9'E 

17°11.8'E 

17°11.8'E 

17°17.8'E 
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TABLE  3. 3. 2-I(C) . NOISE  SPECTRA  WITH  ENVIRONMENTAL 
AND  TEST  CONDITIONS  (Continued)  (U) 


Time  of  Dace 
Day  (Z)  Measured 


Dally  7/14/70 
1 Aug  7/14/70 

17/20/70 
7/20/70 
7/26/70 
Dally  7/26/70 
1 Aug  7/26/70 


11/17/70 

11/16- 

11/17/70 


11/17/70 


11/17/70 

11/17- 

11/18/70 


11/17- 

11/18/70 

11/18- 

11/19/70 


11/19/70 

11/20- 

11/21/70 


11/20- 

11/21/70 

11/22/70 

11/22/70 

11/22/70 

11/22/70 


11/7/71 

11/7/71 

11/9/71 

11/9/71 

11/9/71 

11/9/71 

11/10/71 

11/10/71 

11/11/71 

11/11/71 

11/11/71 

11/11/71 

11/11/71 

11/11/71 

11/11/71 

11/12/71 

11/12/71 

11/13/71 

11/13/71 

11/13/71 

11/13/71 

11/14/71 

11/14/71 

11/14/71 

11/14/71 

11/14/71 

11/14/71 

11/14/71 

11/18/71 
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TABLE  3. 3. 2-1 (C).  NOISE  SPECTRA  WITH  ENVIRONMENTAL 
AND  TEST  CONDITIONS  (Continued)  (U) 
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TABLE  3. 3. 2-I(C) . NOISE  SPECTRA  WITH  ENVIRONMENTAL 
AND  TEST  CONDITIONS  (Continued)  (U) 


r 

Sound 

Channel 

Ml 

H 

Water 

Hydrophone 

Axis 

ESti 

j Time  of 

Date 

Depth 

Depth 

Depth 

Sea 

mm 

Day 

(Z) 

Measured 

(meters) 

(meters) 

| (aet 

3EJ 

(meters) 

State 

Notes 

11/18/71 

— 3909 

300 

1 0/70 

- 100/300 

J 

■bb 

Include 

Bt  3 t!S 

11/18/71 

1320 

Spectra 

J !TtS 

11/18/7! 

t 

55 

2 

^^B 

Bt  i 

11/19/71 

180 

2 

01 

23 

11/19/7! 

— 3909 

2330 

o 

1320 

11/22/71 

-24 

33 

366 

H 

Include 

13 

23 

11/22/71 

-2433 

1270 

0/70 

-100/300 

U 

MM! 

Spectra 

I Cont. 

11/6- 

2433 

2135 

67 

100 

■HH 

■ 

Median 

11/14/71 

3119 

| 

n/8- 

137 

n/16/71 

613 

F 

1 

1 

1116 

67 

100 

11/8- 

2377 

- 67 

-100 

| Cont. 

11/16/71 

24 

33 

2652 

67 

100 

IMHE 

Median 

Cont. 

11/6- 

. 630 

82.  149 

50 

120 

3-7 

Divided 

11/15/71 

120,  4 72 

^^B 

8-12 

by  W.S. 

1 

. 

613 

13-17 

Croup 

1 

18-22 

23-27 

11/6- 

28-32 

11/15/71 

613 

120 

33-37 

11/7- 

113,180 

100 

8-12 

11/22/71 

350,  503 

13-17 

4 

643 

B 

18-22 

1 

■ 

23-27 

Divided 

11/7- 

■ 

28-32 

by  U. 

s. 

11/22/71 

3320 

643 

100 

33-37 

Croup 

11/18/71 

3080 

31 

280 

12 

Include 

4 

92 

280 

12 

Spectra 

T 

122 

280 

12 

Cont. 

11/18/71 

3080 

1464 

_ 50 

280 

12 

11/11/71 

150 

Typical 

U/ll/71 

137 

Data 

From 

11/9- 

82 

lomedex 

11/14/71 

150 

Mean 

11/9- 

613 

V.lues 

11/14/71 

3123 

11/17- 

113 

Mean 

11/24/71 

180 

Spectra 

11/17- 

11/24/71 

644 

11/6- 

Median 

11/15/71 

Values 

11/6- 

11/15/71 

Detailed 
Spectra 
Aval Lable 
In  lomedex 

Oeta 

Library 

Through 

LRAPP 
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TABLE  3. 3. 2-I(C) . NOISE  SPECTRA  WITH  ENVIRONMENTAL 
AND  TEST  CONDITIONS  (Continued)  (U) 


1 

■ 

ri 

| 200  Hz 

7r> 

.2/75 

4 

7b 

.7/75 

0 

77 

.3/76 

3 

7? 

9/76 

9 

74 

9/74 

•» 

-« 

76 

9'76 

5 

7o 

i/75 

9 

7/ 

5/78 

l 

78 

1/78 

9 

76 

3/76 

8 

76 

3/76 

4 

76 

0/76 

2 

77 

4/77 

9 

79 

8/79 

1 

75 

8/76 

8 

77 

9/75 

5 

77 

8/75 

1 

78 

9/76 

1 

80. 

1/77. 

3 

77. 

2/75. 

3 

7b. 

1/75. 

9 

76. 

0/75. 

7 

77. 

2/77. 

6 

78. 

3/79. 

1 

75. 

5/76. 

9 

75. 

6/77. 

0 

75. 

4/77. 

3 

77.5/79.  I 
75.0/74.6 
77. 1/76.6 
78. 1/76.9 


79.8/79.3 
77.4/76.5 
77.4/76. 1 


79.7/78.0 

76.8/75.2 

72.4/75.5 


80.3/77.6 

77.1/74.5 

77.8/77.6 


81.1/79.0 

72.5/76.0 


76.8/- 

73.2/- 
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TABLE  3. 3. 2-1 (C).  NOISE  SPECTRA  WITH  ENVIRONMENTAL 
AND  TEST  CONDITIONS  (Continued)  (U) 


Time  of 
Day 


Dace 

Measured 


Wacer 

Depth 

(meters) 


Hydrophone 

Depth 

(meters) 


Layer 

Depth 

(meters) 


Sound 

Channel 

Axis 

Depth 

(meters) 


Sea 

State 


Ship 

Speed 

(kt) 


Notes 


(0-1200)/ 
(1200- 
2400) 


(0-1200)/ 

(1200- 

2400) 


8/26/72 


8/26/72 

8/27/72 


8/27/72 

8/28/72 


8/28/72 

8/29/72 


8/29/72 

8/30/72 


8/30/72 

8/31/72 


1 


8/31/72 

9/1/72 


9/1/72 

9/2/72 


9/2/72 

9/3/72 


9/3/72 

9/4/72 


9/4/72 

9/5/72 


3340 


9/5/72 


3340 

3431 


3431 


301 

333 

944 

1556 

2167 

2779 

301 

333 

944 

1556 

2167 

2779 

301 

333 

944 

1556 

2167 

2779 

301 

333 

944 

1556 

2167 

2779 

301 

333 

944 

1556 

2167 

2779 

301 

333 

944 

1556 

2167 

2779 

301 

333 

944 

1556 

2167 

2779 

301 

333 

944 

1556 

2167 

2779 

301 

333 

944 

1556 

2167 

2779 

301 

333 

944 

1556 

2167 

2779 

301 

333 

944 

1556 

2167 

2779 


29-33 


-144 


Avg 

Range 

0-10 


- 144 
>164 


10  sec  Data 
Samples 
Averaged 
for  12 
Hours  (0- 
1200) 
(12-2400) 


-164 

-168 


-168 

-156 


-156 

-144 


-144 

-120 


- 120 
14.0 


140 

128 


29-33 


128 
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LEGEND 

•-•  MABS  MEASUREMENTS  50  PERCENTILE 
(MEDIAN) 

MABS  MEASUREMENTS  10  AND  90 

PERCENTILES 

WIND  DEPENDENT  BUBBLE  AND 

SPRAY  NOISE 

HEAVY  TRAFFIC  NOISE 

W&  USUAL  TRAFFIC  NOISE3HALLOW 
WATER 

USUAL  TRAFFIC  NOISE  DEEPWATER 


Mi, 


WIND  FORCE 
(BEAUFORT) 


FREQUENCY  - Hz 


Figure  3. 3. 2-2 (C).  Conparison  of  Omnidirectional  Ancient 
Noise  Levels  (10th,  50th,  and  90th  Percentiles)  Measured 
6 to  15  November  at  Site  A by  the  HA3S  149  Meter  Kydro- 
pnona  Kith  Average  Open  Ocean  Anbient  Noise  (Kenz,  1962). 
Average  Wind  Force  During  the  Measurement  Period  was  4 on 
the  Beaufort  Scale.  (U) 
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cSacr*  ^ -> art^ 
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10 
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*" 3.3*2  4(C).  Median  Anbisnc  Noisa  Levels 
in  the  Major  Basins 
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APPENDIX  1 


(C)  This  appendix  contains,  in  figures  A-l  through  A-59,  repre- 

sentative seasonal  sound  velocity  profiles  for  each  of  the  ASW  prediction 
areas  shown  in  figure  3. 1.1-1.  As  discussed  in  section  3.1.1,  in  many 
of  these  regions,  sound  velocity  profiles  were  not  available  for  one  or 
core  seasons.  All  sound  velocity  profiles  have  been  extended  either  to 
the  mean  deep  botton  depth  (as  given  cn  NAVOCEAKO  Chart  HA8  p 2401)  or 
to  an  appropriate  regional  bottom  depth.  In  either  case,  botton  depths 
are  corrected  using  the  tables  of  Mathews  (1939). 

(C)  Most  of  the  sound  velocity  profiles  given  in  this  appendix 

are  "representative"  or  "model"  profiles  for  Mediterranean  Sea  two- 
degree  squares  as  selected  by  the  AESD  sound  speed  profile  retrieval 
system  (Audet  and  Vega,  1974).  Therefore,  these  profiles  are  more  or 
less  typical  of  seasonal  oceanographic  conditions  in  given  two-degree 
squares.  Since  two-degree  squares  only  roughly  approximate  Mediter- 
ranean ASW  prediction  areas,  and  since  the  boundaries  of  these  areas 
(figure  1.0-1)  ware  purposefully  maintained  to  the  maximum  extent 
possible  in  circumscribing  the  regions  depicted  in  figure  3. 1.1-1, 
a seasonal  profile  in  any  given  sound  velocity  regicn  may  not  differ 
markedly  from  a profile  for  the  same  season  in  an  immediately  adjacent 
region.  However,  the  overall  ann*isl  variation  in  sounc  velocity  within 
a given  region,  i.e. , the  composite  of  the  four  seasonal  profiles,  is 
always  significantly  different  from  that  observed  in  adjacent  regions. 
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Figure  A-l.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  137A 
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Figure  A-2.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  137B 


CONFIDENTIAL 


DEPTH  IMXtOO)  > DEPTH  (MXIOO) 


UNCLASSIFIED 


SOUND  VELOCITY  (U/SEC) 

600  620  IS*0  1550 


13.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  146 
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Figure  A-14.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  147 
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Figure  A-15.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  148 
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Figure  A-16.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  149 
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Figure  A-17.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  150 


o 1500 

° Or- 
x | 

5 I 


SOUND  VELOCITY  (M/SEC) 

1500  1540 


AREA  151 
LEGEND 

WINTERING  DATA) 

-SPRING 
-SUMMER 
AUTUMN  (NO  DATA) 

REGIONAL  APPROX.  CORRECTED  SOTTOM 
NOTE:  DEPTH  SCALE  DOUBLED 


Figure  A-18.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  151 
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Figure  A-19.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Regions  152  and  153 
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l-20.  representative  Seasonal  Sound  Velocity 
Profiles  for  Regions  154  and  155 
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Figure  A-23.  Representative  Seasonal  Sound  Velor  ty 
Profiler  for  Regies  15 ?A 
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Figure  A-24.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  157B 
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Fi3ure  A-25.  Representative  Seasonal  Sound  Velocity- 
Profiles  for  Region  158 
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Figure  A-26.  Representative  Seasonal  Sound  Velocity- 
Profiles  for  Region  159A 
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Figure  A-27.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  159B 
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Figure  A-28.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  160 
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Figure  A-35.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  165 
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Figure  A-36.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  166A 
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Figure  A-41.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  168B 
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Figure  A-42.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  169A 
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Figure  A-43.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  169B 
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Figure  A-44.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  170A 
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Figure  A-45.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  170B 
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Figure  A-46.  Representative  Seasonal  Sound  Velocity 
Profiles  for  Region  171A 
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